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This thesis documents eleven specimens of Eocene turtles (Reptilia: Testudines: 
Dermochelyidae, Cheloniidae) and seven specimens of archaeocete whales (Mammalia: Cetacea: 
Basilosauridae) from New Zealand. All taxa derive from marine sediments from the New 
Zealand Bortonian, Kaiatan and Runangan Stages (late middle to late Eocene). 
The first fossil record of the family Dermochelyidae (genus Psephophorus) from the Southern 
Hemisphere is based on five specimens from the Waihao Greensand near Waimate in South 
Canterbury, and a dermochelyid humerus from the Burnside Mudstone near Dunedin. One 
large specimen from the Waihao Greensand is the holotype of the new species Psephophorus 
terrypratchetti Kohler, 1995b; other specimens are referred to this species. Comparisons with 
specimens from overseas show that the New Zealand Psephophorus fossils are distinctive in 
that keels are lacking on their secondary carapace, and primary carapace elements are more 
pronounced than in geologically younger species elsewhere. A cladistic analysis of 
dermochelyids, together with a new interpretation of the evolution of their secondary carapace, 
supports an early Tertiary origin for this group of marine turtles. Changes in the secondary 
armour during the late Pliocene to earliest Pleistocene are probably linked to a cooling world 
climate. The New Zealand Psephophorus fossils represent one of the earliest records of this 
genus worldwide. Elsewhere in the Southern Hemisphere, Eocene dermochelyids 
(undescribed) have been reported from Seymour Island, Antarctic Peninsula. 
Other fossil turtles from New Zealand include sparse non-dermochelyid material from the West 
Coast of the South Island and one specimen from the North Island (Kaipara Harbour, 
Northland). These fragments also indicate marine animals, which could not, however, be 
identified beyond family level. The New Zealand record of fossil turtles differs from the 
Australian record in that there are no terrestrial turtles reported from New Zealand, and no 
Tertiary marine turtles from Australia. This discrepancy may be explained by differences in 
preservation and accessibility of marine facies, but may also be due to insufficient prospecting 
work. 
Cetacean fossils (archaeocetes) are known from two formations, the Waihao Greensand in 
South Canterbury and the Mangatu Mudstone near Gisborne in the North Island. The six 
specimens from the Waihao Greensand are Bortonian to Kaiatan in age; they represent animals 
related to the dorudontine genus Zygorhiza, and an animal more than twice as large which could 
not be placed within a known archaeocete group. The age for the single specimen from the 
North Island, which is also referred to the dorudontine genus Zygorhiza, can only be given as 
middle to late Eocene. The La Meseta Formation of Seymour Island represents the nearest 
location from which archaeocetes and Eocene dermochelyids are reported. Large, non-
dorudontine cetacean fossils from Seymour Island may represent the same taxon as the large 
archaeocete fossil from New Zealand. The New Zealand archaeocetes form, apart from an 
isolated find from early Lutetian strata in Senegal, the second oldest record for Dorudontinae 
worldwide, and one of very few substantiated records of archaeocetes in the Southern 
Hemisphere; they are seen as an indicator for an early colonisation of southern seas by archaic 
whales. 
Because most of the archaeocete specimens and all but one dermochelyid derived from 
Bortonian to Kaiatan greensands in the Waihao River Basin, this area was mapped in detail. A 
fine-stratigraphy is established for the Waihao Greensand in the study area, based on two 
widespread index horizons, which are used to link outcrops and to establish the relative age of 
the different units of Waihao Greensand as exposed in different parts of this area. A 
depositional model for the Waihao Greensand is given, showing that the sediment was 
deposited during a steady rise in sea-level under tropical to subtropical conditions; it can be 
correlated approximately to a middle Lutetian to middle Bartonian age. 
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CHAPTER 1: INTRODUCTION 
Preamble 
As a boy I was introduced to paleontology by my father, then a Biology and Chemistry 
teacher at a German high school. My growing interest in fossil (and living) animals and 
plants was fostered by him throughout my teenage years, and finally resulted in my enrolment 
in Zoology, Geology and Paleontology at the University of Stuttgart. Hard work during my 
studies allowed me to successfully apply for a PhD scholarship from the Deutscher 
Akademischer Austausch Dienst. I came to New Zealand to study for a PhD in vertebrate 
paleontology because initial contacts with R. E. Fordyce indicated very interesting material 
from the local Eocene. 
I personally prospected for vertebrate fossils on the West Coast of the South Island 
(Woodpecker Bay), in South Canterbury (Waihao River valley), and in parts of Otago 
(Boulder Hill, Mjlton, Hampden Beach). Most of the turtles and whales dealt with in this 
thesis are from these areas of the South Island; only two specimens come from the North 
island. 
The thesis resulting from these PhD studies is firstly a detailed and complete list of all the 
New Zealand Eocene whales and turtles, and secondly a systematic interpretation of this 
fossil material. 
As expected for vertebrate paleontology in the Southern Hemisphere, one of the main 
problems I came across during the work on my thesis was the limited availability of general 
and detailed information on Eocene whales and turtles, the vast majority of which are located 
in the Northern Hemisphere. 
I spent more than nine months preparing my turtles and whales, and developed a deep 
affection towards these interesting and exciting new fossils. 
After seeing this thesis completed I would like to be able to continue working on Eocene 
vertebrates, and to widen and focus the picture given in this thesis with additional material 
from other regions in the Southern Hemisphere. I am convinced that marine turtles and 
archaeocetes can also be found in Australian, southern African and South American Eocene 
strata. 
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Thesis outline / aims 
This thesis is divided into three main parts which deal with the geology of the upper Waihao 
River Basin, systematics of New Zealand Eocene turtles, and systematics of New Zealand 
Eocene whales. 
The Waihao Greensand in the upper Waihao River Basin was mapped in detail to correlate 
the different localities from which most of the archaeocete whales and dermochelyid turtles 
derived. The thesis includes discussions of the depositional history of this unit, as well as 
climate and sea-level changes during its deposition. 
During the work on this thesis the dermochelyid genus Psephophorus was documented for the 
first time for the Southern Hemisphere, and after extensive comparisons with known and 
described Psephophorus material, a new species, Psephophorus terrypratchetti Kohler, 
1995b, was established. Non-dermochelyid marine turtles were also discussed, but this 
material proved taxonomically far less conclusive. 
The Eocene whales of New Zealand (archaeocetes) are also fully documented and compared 
with overseas material. Most of these archaeocetes could be identified as genus Zygorhiza, 
which signifies a surprisingly early record for the subfamily Dorudontinae. The 
geographically closest material to the New Zealand archaeocetes derives from the La Meseta 
Formation (sensu Sadler, 1988) of Seymour Island, which is now also reported to yield the 
dermochelyid genus Psephophorus (Fuente et al., 1995). 
The aim of this thesis is to fully describe all New Zealand Eocene turtles and whales and to 
compare them with similar records world-wide. The importance of the New Zealand fossils 
for the understanding of dermochelyid turtle evolution and the early distribution and 
evolution of archaeocete whales will be shown in detail. 
Previous work in New Zealand 
Apart from a publication by Fordyce (1985b) on teeth of an archaeocete from the Waihao 
Greensand, no descriptive work had been published on New Zealand Eocene whales or turtles 
before I started this project. Prior to this study only two specimens from the North Island 
(incompletely prepared) and five specimens from the South Island (the majority not prepared) 
were in New Zealand collections. Some of this material was briefly mentioned in Fordyce 
( 1980a, 1982b, 1985b, 1991 ). 
Because the main focus of the few professional vertebrate paleontologists in New Zealand has 
been on the rich and easily to be prepared material from Oligocene-Miocene strata, Eocene 
rocks received less attention. The previous collected vertebrate material from the Waihao 
River represents a by-product of P. A. Maxwell's prospecting work ( 1966 - ) on the fossil 
molluscan fauna in that area. A sharp increase in prospecting activity in Eocene strata with 
the beginning of my thesis brought more vertebrate fossils to light. Further the preparation of 
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collected, but unprepared and unidentified material was finally begun. 
Methods 
Standard field techniques (as described in e.g. Rixon, 1976) were used for the recovery of 
specimens. Larger fossil remains, which could not readily be picked up, were recovered from 
the field using pneumatic and petrol powered jackhammers. Some larger and more fragile 
specimens were protected by a supporting structure made of plaster-soaked sacking and a 
timber-frame, and loaded into a trailer for transport to the Geology Department. Preparation 
took place at the Geology Department using different sized pneumatic chisels, small air 
scribes and dentist drills. Hand scrapers were used for fine work under the microscope. The 
very time consuming mechanical preparation of the mostly hard and concretionary rocks was 
restricted to minimum, due to the lack of time. For this reason some of the material was acid 
prepared using 10% formic acid. Glues used were cyanoacrylate 'superglue' and polyester 
resin, the latter mainly for filling gaps. Fossils found after 1991 were, unless otherwise 
stated, prepared by me. 
Rocks used for foraminifera search were prepared using methods outlined by Hornibrook et 
ell. ( 1989). The foraminifera thus obtained were attached with a water soluble glue to holding 
slides. Grain sizes given are, apart from the glauconite sand layers which mark the major 
disconformities below the phosphatic horizon and the 'turtle-bank', based on visual estimates 
made in the field with the aid of a grain size comparator. 
The drawings of specimens in this thesis were mostly made with the aid of camera lucida 
attachments on Wild and Zeiss binocular microscopes; but a few were copied directly off 
photographs. These figures are not corrected for parallax. Photographs were taken with a 
35 mm Ricoh camera with a 50 mm lens, and a 35 mm Asahi Pentax camera with a 50 mm 
macro lens. The specimens shown on Plates 7 to 11 were coated with a sublimate of 
ammonium chloride for photography. Given measurements are, unless otherwise stated, 
measured from point to point. The humeri are oriented with their proximal extremity up. 
Tables, plates and figures that form part of this thesis are referred to in the text with a capital 
letter at the start. 
All the material collected is held in the fossil collection of the Geology Museum at the 
University of Otago. The cited fossil record numbers (FRN) are catalogued in the New 
Zealand Fossil Record File (Geological Society of New Zealand). The grid references cited 
in this thesis are based on NZMS (New Zealand Mapping Series) 260 metric sheets. 
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Localities and age comparison of all material 
The majority of the fossil vertebrate material is from the South Island; only the remains of 
one fragmentary archaeoc_ete and one partial turtle specimen are from the North Island. The 
. locality-map (Fig. 1) shows the field areas, i.e. Boulder Hill, Waihao River, Opuha River, 
Woodpecker Bay, Mangatu River and Pahi Peninsula. 
I prospected and collected at the South Island localities; the North Island specimens were lent 
to the Geology Department by the University of Auckland (AU 6693), and by the private 
collector A. Hughes from Gisborne (FRN Xl7/fl20). A summary observation of all the 
localities is given below. 
The turtle material from Pahi Peninsula was discovered in situ in the Pahi Greensand (sensu 
Hay in Fleming, 1959: 306) and first mentioned by Sporli and Kadar ( 1989: 118) who gave a 
late Bortonian to Runangan age (Bartonian to Priabonian). Fordyce ( 1991: 1222) cited a 
Kaiatan (middle to late Bartonian) age for this material. The Pahi Greensand is a marine 
glauconitic sediment, rich in foraminifera. 
The archaeocete fragments from Mangatu River were found in situ in the Mangatu Formation 
(sensu Henderson and Ongley, 1920), but their age is very uncertain. The stages Kaiatan to 
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Runangan, (middle Bartonian to Priabonian) with the Runangan Stage favoured, are 
mentioned as a possible age by H. E. Morgans in a letter to I. Keyes (appendix A). The 
matrix is a red bentonitic, marine mudstone. 
The fossil turtles from Woodpecker Bay were all found in loose boulders of Kaiatan siltstone 
which covers a maximum age range from Kaiatan to Runangan (middle Bartonian to 
Priabonian) (Suggate in Suggate et al., 1978: 494), but is most likely Kaiatan only. Laird 
( 1988: 27) indicated that the Kaiata Formation (sensu Laird, 1988) is of Kaiatan to basal 
Whaingaroan age. The Kaiata Formation at Woodpecker Bay is, according to Laird, a 
moderately well sorted micaceous and glauconitic, dark brown or grey, calcareous sanely 
rnudstone which was deposited in a shallow marine shelf environment. 
The Opuha River archaeocete vertebrae came from a loose block of Waihao Greensand. 
Accompanying macro fossils (gastropods) indicate a Bortonian age (P. A. Maxwell, personal 
communication, January 1993). Microfossils could not be extracted from the matrix, whose 
lithology is typical for the middle or upper part of the Waihao Greensand. 
The Wa,ihao River fossils were, apart from one specimen, not found in situ, but could be 
referred to nearby in situ Waihao Greensand units on the basis of lithology. These units 
belong to the middle and upper part of the Bortonian section of the Waihao Greensand, a 
glauconitic marine sediment (see section on Waihao Greensand). 
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(A): FRN XI7/fl20 
FIGURE I Map of New Zealand showing the collection localities for all Eocene turtle (T) 
and archaeocete (A) material. 
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The Boulder Hill turtle humerus was discovered in situ in the Burnside Mudstone (sensu 
Benson in Fleming, 1959: 59) at Boulder Hill near the city of Dunedin. The age of the fossil 
was given by McMillan (1993: l/89, A 7/5) as middle Bortonian based on dinoflagellates. 
The Burnside Mudstone at Boulder Hill is a brackish marine, goethitic, burrow-mottled, 
muddy sandstone which was described (McMillan, 1993: 1/2) as a subtidal estuarine 
sediment. 
A more detailed discussion on the different ages can be found in the turtle and archaeocete 
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FIGURE 2 Age comparison for the New Zealand fossil vertebrates from the Eocene. 
Absolute time scale and correlation between European and New Zealand Stages are after 
Harland et al. ( 1990). Ma= million years before present. 
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CHAPTER 2: THE W AIHAO GREENSAND 
Introduction 
This section reviews past work on the Waihao Greensand, and presents new observations and 
interpretations which were used to put the archaeocete and dermochelyid fossils from this unit 
into context. The Waihao Greensand was chosen for this case study because the most 
important fossil vertebrates derived from this unit. 
During the last 130 years many people have worked on the Waihao Greensand. Julius von 
Haast made the first reported fossil collections between 1867 and 187 4 during a survey of the 
region. He published his survey results in 1879, and it is interesting to note that his fossil list 
(p. 311) contains, besides molluscs, also "teeth of crocodilus sp.", which Fordyce (1985b) 
recognised as teeth fragments of an archaic whale. 
Haast, also in 1875, sent molluscs to Hutton who published a paper on them in 1876, stating 
his opinion that the 'green sands' (Waihao Greensand) belong to a Miocene formation and are 
therefore younger than the 'Waihao limestone' (Otekaike Limestone) which he regarded as 
forming part of his 'Oamaru Formation'. In contrast to this the age of the 'Oamaru Formation', 
including the 'green sands', was given by Haast (I 879: 310) as late Eocene or early Miocene, 
with the 'Waihao limestone' resting above the 'green sands'. 
This discrepancy in the structural interpretation between Haast and Hutton was due to 
different approaches: Haast (and others, e.g. McKay) based their interpretation on structural 
information gathered in the field, whereas Hutton relied on his somewhat questionable age 
interpretation based on fossil molluscs. A prolonged battle of words between Hutton ( 1876; 
1887; 1888) and McKay (1882; 1887) about the age of the Waihao Greensand probably laid 
the foundation for the increasing interest in the Waihao fossils (mostly molluscs). 
The debate on whether the Waihao Greensand is younger or older than the Otekaike 
Limestone subsided, and after Hutton became silent no one was left to defend his 
interpretation. However, this did not stop ongoing collecting activity (e.g. Marshall, 1915; 
1923; Marshall and Murdoch, 1923; Allan, 1927; Maxwell, 1966; 1971; 1992; Beu and 
Maxwell, 1987; 1990) mainly from outcrops near McCulloch's Bridge and Waihao Downs 
Homestead. McCulloch's Bridge is about 2 km downstream from Rawcliffe Station, outside 
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FIGURE 3 Location of the study area, Waihao River valley, South Canterbury. The 
ocalities indicated by 'Riddolls, 1966b' and 'Connell, 1991' refer to strata below the Waihao 













The study area 
The study area covers a region in and around the upper Waihao River valley, South 
Canterbury, between J700 53' 90" and l 700 57' 00" eastern longitude and 440 45' 90" and 
440 47' 30" southern latitude (see Fig. 3). Outcrops are mostly restricted to river-cut c li ffs 
and small tributary gullies . 
FIGURE 4 The outcrop Mehrten's Cl iff at the left side of the Wai hao River about l .5 km 
downst ream from Waihao Forks, where all the archaeocete material was found. Grid 
reference J40 ( 1984): 477000. 
Prev ious geo logical maps of the upper Waihao River Bas in and/or the surroundin g district 
(Thomson, 1914; Al lan , 1927; Mutch, 1963; Riddolls , 1966a; Maxwell, 1992) showed the 
Waihao Gree nsand as one unit; a detailed subdi vision was not given. The new map provided 
in this thes is shows a deta il ed stratigraphy of the Waihao Greensand in the upper Waihao 
Rive r Basin which a ll owed a correlation between known vertebrate foss il localities in that 
area. 
Strat ig raphi c section s from 33 outcro ps (appendix I) were co rrelated w ith each othe r and a 
standard strati graphic sequence for the study area was estab lished . The 33 sections (number l 
to number 33) are c ited in the text in brackets [] and, where appropriate a lso referred to by a 
name . A detai led geological map of the study area with the outcrops marked can be fou nd as 
appendix K. [appendix K is based on NZMS 270 J40C ( l: 25 .000, ed. l 983), which was 
scanned, enlarged and edited using the computer program Canvas 3.5.2; additional 
information from aerial photos was included]. A ll outcrops are described in appendix B . 
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The Waihao Greensand in the study area forms part of a Tertiary sequence which dips to the 
south-west. Thus the base of the Waihao Greensand is exposed in the north branch of the 
Waihao River and in the upper part of its south branch. The middle part of the Waihao 
Greensand is exposed in the middle and lower south branch and downstream of Waihao 
Forks. A NE-SW running fault-line, which had already been noted by Thomson (1914) and 
Allan ( 1927), and which was referred to as 'Hunters Fault' by Riddolls ( 1966a), tapers out in 
the Waihao Forks area. No direct evidence for this fault was found in the study area. 
Nevertheless the difference in altitude of the Waihao Greensand units on its eastern and 
western side may represent the fault in the Waihao Forks area (see map appendix K). 
Location of outcrops (see appendix B) 
The topographical features used to describe the locations of outcrops, and the grid references 
cited refer to NZMS 260 sheet J40 ( 1984, edition 1). Double grid references refer to a longer 
stretch of outcrop along the Waihao River. The terms left side and right side of the river are 
applied facing downstream. Detailed locality descriptions of all outcrops are given in 
appendix B. 
Partial synonymy for the Waihao Greensand (after Field and Browne, 1986, extended) 
green sands 
calcareous greensands 
Marly greensands, Waihao greensands 
Waihao Beds (in part) 
greensands 
lower greensands, upper greensands 
Tapui Glauconitic Sandstone 
Little Pareora Silt (in part) 
McCullough Formation 
McCullough Formation 
Tapui Glauconitic Sandstone 
Members of the Waihao Greensand 









Ward and Lewis, 1975 
Field, 1985 
Wi Id and Speight ( 1919: 185) were the first to describe a distinctive, phosphatised "hard 
band" in the McCulloch's Bridge outcrop. Later workers (e.g. Allan, 1927: 284; 1933: 88) 
used this 'hard band' to divide the Waihao Greensand into an upper greensand (which became 
Allan's Tahuian sub-Stage) and a lower greensand. 
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Field and Browne ( 1986: 17) suggested the name Otaio Limonitic Member for the upper 
greensands at McCulloch's Bridge, indicating a Bortonian age (see also Fig. 5). Maxwell 
( 1992: I 0) proposed a further subdivision of the Otaio Limonitic Member to include the Tahu 
Member (Kaiatan), thus restricting the Otaio Limonitic Member (Bortonian-Kaiatan) to the 
lower part of the upper greensands. 
The Kapua Tuff Member, which was introduced by Riddolls ( 1966a) for rare tuff layers 
near the top of the Waihao Greensand, was included by Maxwell ( 1992) in his Ashley 
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FIGURE 5 Changing concepts and interpretations for the units of the Waihao Greensand. 
In summary the Waihao Greensand is divided into the following members: 
Tahu Member, Maxwell ( 1992). 
The Tahu Member is a grey-green, glauconitic siltstone to fine sandstone which is slightly 
harder than the Otaio Limonitic Member; it includes sediments deposited between the 
Otaio Limonitic Member and the Ashley Mudstone Formation. 
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Otaio Limonitic Member, Field and Browne ( 1986). 
The Otaio Limonitic Member is a grey-green, slightly limonitic and relatively soft 
glauconitic siltstone to mudstone including a basal phosphatic horizon [ = the phosphatic 
horizon of this thesis], or if not present, an underlying glauconite sand layer. 
Lower Greensand Member, this thesis. 
The Lower Greensand Member is, in parts, a richly glauconitic, grey to dark grey-green, 
silty to very fine sandstone. In places the unit is extensively bioturbated. It shows a fining 
and deepening upwards tendency with conglomerates at the base, and siltstone to 
mudstone towards the top. A hard, concretionary phosphatic bank[= turtle bank] is 
present in its middle part. The contact between the Lower Greensand Member and the 
Otaio Limonitic Member is marked by the phosphatic horizon, or by a glauconite sand 
layer above a disconformity. The Lower Greensand Member starts in the study area with 
an unconformity marked by a 'green conglomerate' (south branch) or by a richly 
glauconitic siltstone to fine sandstone (north branch). 






Tahu Member } 
Otaio Limonitic Member = Waihao Greensand 
Lower Greensand Member 
Kauru Formation or Taratu Formation or Torlesse basement schist 
FIGURE 6 Strata present below and above the Waihao Greensand in the study area. A line 
marks unconformities. 
The Waihao Greensand was described by Riddolls (1966b) as resting directly on deeply 
leached greywacke of the Torlesse Supergroup (basement schist) in the upper catchment area 
of the south branch of the Waihao River. About 3 km south-east of this locality (outcrop 26, 
see appendix B), sediments of the terrestrial Taratu Formation [= Broken River Formation of 
Field and Browne, 1986] separate the Waihao Greensand from the (not exposed) basement 
rocks. [The Taratu Formation ( sensu Ongley, 1924) is a terrestrial sediment with coal 
measures characterised by quartz grit and pebble conglomerates. According to Aitchison et 
al. ( 1983; 1993) it is a senior synonym of the Papakaio Formation of Gage (1957), which was 
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described from the North Otago region as a non-marine succession of conglomerates, 
sandstones and,siltstones with an intermittent coal-layer]. At outcrop 26 a basal clast 
supported quartz conglomerate with a glauconite sand matrix ('green conglomerate') of the 
Waihao Greensand rests unconformably on 3 m of non-calcareous grey mudstone and 
quartzose sand above a 60 cm thick coal seam. 
The only biostratigraphic data for these strata could be found in Wilson (1968: 60) who gave 
a Teurian or Waipawan age[= Paleocene to early Eocene] for two samples from this locality 
( outcrop 26) which were collected from " ... highly carbonaceous, non-calcareous mudstones 
[ ... ] near the top of the coal measures, which are overlain by greensands ... ". This estimated 
early Dannevirke age allows two interpretations: 
a) The unconformity between the Waihao Greensand and the Taratu Formation at this 
locality covers a time interval from Waipawan to Porangan, or 
b) The base of the Waihao Greensand is older than Bortonian. 
However, the transgressive event which marks the base of the Waihao Greensand, and which 
can be found over a wide area in Otago and Canterbury, it is known from other localities to be 
of Bortonian age (S. G. McMillan, personal communication, March 1996). 
The next outcrop downstream from this locality, where the base of the Waihao Greensand can 
be examined, is about 1 km northeast of McCulloch's Bridge, near Corrody Homestead. The 
sedimentary rocks underlying the Waihao Greensand at this locality had been identified by 
Connell (1991) as the Five Forks Glauconitic Sand Member of the Kauru Formation (sensu 
Gage, I 957). 
The lower part of the Waihao Greensand is further exposed in the upper part of the north 
branch of the Waihao River. In this area, the deeply weathered schist basement is 
nonconformably overlain by a coal layer and an estimated 50 m of soft quartz sandstone and 
mudstone. In some places a quartz conglomerate occurs near the contact with glauconitic 
siltstones of the Waihao Greensand. The upper part of these strata overlying the schist were 
claimed to form part of the marine Kauru Formation by Riddolls (1966a), an interpretation 
supported by Stilwell ( 1995: 83) who noted 'Wangaloan' (= Teurian) molluscs from the 
"Rau po Concretionary Sandstone Member of the Kauru Formation in the eastern reaches of 
the Waihao River. South Canterbury." [Because a more detailed location was not given by 
Stilwell, I can only presume that he meant the upper reaches of the north branch of the 
Waihao River]. 
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In summary, these localities in and around my study area show that the base of the Waihao 
Greensand lies unconformably on Kauru Formation, Taratu Formation and Torlesse basement 
(see Fig. 7). The sedimentary rocks underlying the Waihao Greensand in the study area show 
a tendency to increase in thickness and become younger towards the south-east. These 
observations indicate that erosion, which led to an angular unconformity, took place before 
the sedimentation of the Waihao Greensand commenced. They further support an 
interpretation of the Waihao Greensand as the basal part of a major transgression. 
NW 
SE 
Riddolls, I 966b outcrop 26 north branch outcrops Connell, 1991 
overlying strata 
Schist basement (Torlesse) 
~ region covered by study area 
FIGURE 7 Schematic sketch of the relation between the Waihao Greensand and underlying 
strata in and around the study area. The localities indicated by 'Riddolls, 1966b' and 'Connell, 
199 I' are shown on Fig. 3; all localities are discussed in the text. 
I consider the base of the Waihao Greensand in the study area as coinciding with the first 
occurrence of marine, glauconitic strata above a major angular unconformity which separates 
it from older rocks. Because there is no evidence for a major unconformity in the Lower 
Greensand Member, which could indicate that the green conglomerate does not belong to the 
same depositional setting as the rest of the Waihao Greensand, I consider the green 
conglomerate in the south branch of the Waihao River as the oldest sedimentary unit of the 
Waihao Greensand. 
Additionally the green conglomerate cannot be identified with any described member of the 
Kauru Formation which according to Gage ( 1957) represents shallow marine (intertidal in 
part) sedimentary rocks with siltstones, sandstones and few conglomerates. The Kauru 
Formation was subdivided by Gage (1957: 25) into (from youngest to oldest): 
• Five Forks Glauconitic Sand Member 
• Dixon Silt Member 
• Raupo Concretionary Sandstone Member 
.:. 
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The green conglomerate cannot be identified with any of these members because: 
The Five Forks Glauconitic Sand was described by Gage (1957: 26) as a micaceous, 
glauconitic medium sand, sometimes showing near its base " ... a single layer of rounded 
quartz pebbles of high sphericity up to 1/2 in. diameter, .. " The green conglomerate, 
however, is up to 3 m thick with a glauconite sand matrix. 
The Dixon Silt also consists mainly of fine siltstone and mudstone with white-grey clay and 
only very little glauconite. 
The Raupo Concretionary Sandstone was described by Gage (1957) as showing only a 
little glauconite in its upper part and consisting mainly of a fine white micaceous sand. 
Basal sediments of the Tapui Glauconitic Sandstone of North Otago, which Field and Browne 
( 1986) called a lateral equivalent of the Waihao Greensand, were described by Aitchison 
( 1988) from the Livingstone-Maerewhenua region, about 30 km southeast of my study area, 
as consisting of a 2 m thick bed of massive reworked quartz pebbles with some minor 
glauconite. Aitchison (1988) further proposed that the disconformity which separates these 
quartz pebbles from underlying terrestrial Taratu sediments should be regarded as the 
boundary between the Tapui Glauconitic Sandstone and the Taratu Formation. Aitchison's 
observations support my own interpretation of the green conglomerate in the study area as the 
basal strata of the Waihao Greensand. 
Due to the similarity of the lower part of the Waihao Greensand between the south and the 
north branch of the Waihao River (see appendix I) I regard the glauconitic siltstones in the 
north branch of the Waihao River as part of the Waihao Greensand. A 'green conglomerate' is 
not exposed in the north branch. 
Descriptions of different lithologies of the Waihao Greensand 
Grain sizes are based on visual estimates made in the field with the aid of a grain size 
comparator, apart from two samples (glauconite sand from the turtle horizon and the 
phosphatic horizon), where samples were dry-sieved in the Geology Department. 
The basal horizon of the Waihao Greensand in the south branch of the Waihao River is a 1.5 
[26] to 3 m [ 18] thick, massive, clast-supported basal conglomerate made up by 0.5 to 4 cm 
( I cm average) sized, well rounded quartz pebbles (see appendix I). The matrix between the 
pebbles is a glauconite medium to fine sand. This 'green conglomerate' is at one place [25] 
subdivided into at least two distinct layers, which are separated by glauconitic silt to fine sand 
interspersed with quartz pebbles. Haast ( 1879: 310) described the 'green conglomerate' as 
" ... quartz conglomerate or pebble bed with a highly feruginous [sic] matrix ... ". 
In the north branch of the Waihao River, where the contact with the underlying Kauru 
Formation is not exposed, the Waihao Greensand begins with a glauconite rich siltstone and a 
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succession of green and more brown-red glauconitic silt to fine sand layers, which I 
informally named 'A-B layers' (29]; a 'green conglomerate' is not exposed. 
Overlying the 'green conglomerate' is an occasionally pebble bearing alternation of green-
grey to dark green glauconitic silt to fine sand containing up to three (18] distinct 
disconformities. These disconformities follow a peculiar pattern with an essentially 
glauconite-free massive grey mudstone (20 to 80 cm thick) which is burrowed at the top by 
glauconite infilled, finger thick, branching burrows that descend from a 10 to 20 cm thick, 
completely bioturbated glauconite medium sand layer (Fig. 8). [These branching burrows are 
here referred to as ichnotaxon (sensu Bromley, 1990) Thalassinoides Ehrenberg, 1944. Other 
trace fossil names used in this thesis also refer to ichnotaxa sensu Bromley, 1990]. In two 
outcrops [18, 26] the glauconite sand layers are followed by concretionary, green, 
phosphatised horizons. The whole succession between the 'green conglomerate' and the 
following 'A-B layers' is between 13 m (24] and 1 m (17] thick in the south branch; it is not 
exposed in the north branch. 
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FIGURE 8 Generalised section for a disconformity above the basal 'green conglomerate' and 
below the 'A-B layers', after outcrops in the south branch of the Waihao River. 
The 'A-B layers' consist of A-layers which are green in appearance due to their glauconite silt 
to fine sand content, and more brown-red, less glauconitic B-layers. [The change in colour is 
due to lithic differences between these layers; it is not caused by weathering]. Both layers 
show abundant, often concretionary, phosphatised Thalassinoides burrows with 2 to 3 cm 
diameter which are criss-crossed by a fine network of 2 to 3 mm thick, branching, grey 
Chondrites Sternberg, 1833 burrows. The surrounding matrix is an unbedded siltstone to fine 










diameter) are incorporated in these layers. The succession of these layers changes from 20 to 
30 c m intervals at the base to wider intervals near the top, with the brown B-layers becoming 
far thicker than the A-layers. At outcrop 18 the start of the succession is as follows: 40 cm B, 
35 cm A, 40 cm B , 25 cm A, l40 cm B, 15 cm A, 175 cm B , 25 cm A, 35 cm B, l5 cm A, 
140 cm B, etc. The 'A-B layers' vary in thickness from 5 m [ 17] to 13 m [ l 8] in the upper 
part of the south branch and from l2 m [33] to l8 m [29] in the north branch of the Waihao 
River. In the north branch the 'A-B layers' are in two places [29, 33] separated from each 
other by 1.5 to 2.5 m of grey-green to green, massive glauconitic fine sandstone to siltstone; 
these separating layers are included in the total measurement of the 'A-B layers' in the north 
branch. The 'A-B layers' in the north branch end in three places [27, 28 and 30] with one to 
two , 20 to 40 cm thick, hard, more glauconitic-phosphatic horizons which show a grey, 
weathered appearance in the outcrops. Figure 9 shows a close up of a typical succession of 
'A-8 layers' at outcrop 31. Figure I 0, which was taken at outcrop 29, shows the typical 'A-B 
layers' lithology in the north branch of the Waihao River. 
FIGURE 9 Close-up photo of typical 'A-B layers' at outcrop 31 (outcrop 3 l is at the upstream 
e nd of a cliff on the right side of the north branch of the Waihao River , where the river shows 
an almost 90 degree bend, about 500 m south-east of the intersection between Waihaorunga 
Road and Stony Creek Road). Grid reference J40 ( l 984): 461019. 
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F[GURE IO Overview of a typical cliff in the north branch of the Waihao River showing the 
do111inan t 'A-8 layers ' at outcrop 29 (outcrop 29 is about 60 111 west to where a small north-
west running road starts dropping down into the north branch of the Waihao River. The small 
road branches off from state highway 82 near Glenlogan Homestead, where major power 
cab les cross). Grid reference J40 ( 1984): 471013. 
Overlying the 'A-8 layers', is a grey-green to green glauconitic fine sand to si ltstone with, in 
ils lower part, up to three IO to 15 c111 thick grey bands in the upper south branch [21 , 24 and 
25] and up to two concretionary hori zons in the lower south branch [6-8, 11 , 14 and l 6]. The 
sediment in the upper part of thi s unit shows two different facies. 
[ will describe these separately starting with the more common facies found downstream of 
Waihao Downs Homestead. This facies shows in its upper part an often abrupt change to a 
grey, massive, essentially glauconite free mudstone, which is between 2 and 4 m thick [6-8, 
14 and 16]. This change is marked at outcrops 7, 8 and 11 by a 5 cm thick layer of 
unfossiliferous and unburrowed, cross-bedded, quartzose fine- sand with only little glauconite. 
The grey rnudstone in the top111ost 20 to 30 c111 of this unit shows glauconite infillecl 
Th.alassirwides burrows which reach clown from a glauconite sand horizon. In the Waihao 
Downs Homestead area [ 14-17] the upper, less glauconitic three to five meters of this unit are 
richly fossiliferous with abundant molluscs. These shells (mostly Lim.apsis campa Allan, 
1926a (OU 41588) and Cucullaea waihaaensis Allan, 1926a (OU 41589)) are only rarely 
double-valved, which, together with their occurrence in layers and nests indicates 
transportation. In the upper part of the south branch at outcrop 23, a similar Lim.apsis shell 
accu111ulation can be found in a 111ore glauconite rich layer. The whole unit between the 'A-B 
laye rs' and the overlying 'turtle hori zon' is about 20 rn thick in the south branch (Waihao 

















In the north branch the unit above the 'A-B layers' is a massive, grey-green glauconitic 
siltstone to fine sandstone with a maximum measured thickness of 22.5 m [27] and no 
evidence of cross-bedding or shell accumulations. Two concretion-bearing horizons can be 
seen in the upper part of the unit at outcrop 27. 
Above this unit is the turtle horizon, containing a hard, concretionary, phosphatic, 20 to 
40 cm thick layer which is widespread in the south branch, but does not appear in the north 
branch. Downstream of Waihao Forks it forms rapids (Fig . 11) at 475000 (the base of 
Mehrten's Cliff section [ l]). The turtle horizon in the Waihao Downs Homestead area 
follows in two localities [ 14, 17] immediately above a shell-bed, while at two other localities 
[ 15, 16] it is separated from an underlying shell-bed by a 50 to 80 cm thick green-grey 
glauconitic siltstone to fine sandstone. The turtle horizon consists of one to two glauconite 
medium sand layers with a hard, phosphatic bank ('turtle-bank') between them. [This turtle-
bank does not correspond with the 'phosphatic band' of Srinivasan which occurs 
stratigraphically higher]. The second glauconite-sand horizon, visible at outcrops 6, 8-11, is 
brown-red in appearance due to red coloured, sand sized grains. 
FIGURE 11 Turtle horizon forming rapids in the Waihao River, upstream from outcrop L, 
Mehrten's Cliff. Grid reference J40 ( 1984): 475000. I am standing on the fossil 
dermochelyid OU 22219. 
The interpretation of the turtle-bank as being stratigraphically below the phosphatic band is 
supported by the distribution of two species of Duplipecten. The species Duplipecten 
waihaoensis (Suter, l 9 l 7) is regarded by Maxwell (P.A. Maxwell, personal communication, 
22 
see letter in appendix C) as being ancestral to Duplipecten parki (Marwick, 1942). This 
assumption is based on Duplipecten waihaoensis being restricted to strata below the turtle 
horizon in the Waihao Downs area, and Duplipecten parki occurring from just below the 
turtle horizon through to the Tahu Member (Maxwell, _1992: 14). 
Between Waihao Downs Homestead and Waihao Forks the 'turtle-bank' is 0.4 to 1.3 m 
thick and underlain by a 20 to 40 cm thick glauconite sand layer with Thalassinoides burrows 
extending in an underlying grey mudstone. Figure 12 shows this Thalassin.oides horizon at 
the 'Waterfall Section' [10], where I analysed the grain size of the glauconite sand layer. A 
dry-sieved sample showed a predominant grain size between 0.2 to 0.6 mm (medium sand), 
with a peak between 0.3 and 0.4 mm. Above this glauconite sand follows the 'turtle-bank', 
either immediately [9, 10], or after 0.5 to I m of less glauconitic silt to fine sand [6 to 8, 11]. 
In some outcrops [ 6, 8-1 I] the 'turtle-bank' is followed by a second Thalassin.oides horizon, 
similar to the first one apart from the burrows being reddish-brown in appearance (see 
detailed sequence on Fig. 13). The brown-red colour is caused by grains containing red iron 
oxide. A sequence of massive grey mudstone overlain by a glauconite sand, overlain by a 
hard, concretionary phosphatic horizon, which is sometimes followed by a more reddish-
brown glauconite sand, can only be found between Waihao Downs Homestead and Waihao 
Forks. 
Above the turtle horizon are between 8 to 11 m of green, silty to fine sandy, glauconite 
containing rocks, sometimes interrupted by one or two layers of smaller concretions [6, 9- I 1, 
16]. This facies is often abruptly followed by a grey, virtually glauconite-free, massive 
mudstone which is between 2 m [14, 16] and 15.5 m [1] thick. At Mehrten's Cliff the more 
glauconitic lower part is 8 m thick and the grey, essentially glauconite-free mudstone reaches 
a thickness of 15.5 m. The grey mudstone shows in its topmost 20 to 30 cm a disconformity 
marked by glauconite infilled Thalassinoides burrows which reach down from a 20 to 40 cm 
thick, glauconite sand horizon. A grain size analysis of this glauconite sand showed a 
predominant grain size between 0.2 to 0.6 mm (medium sand), with a peak between 0.3 and 
0.4 mm. At Mehrten's Cliff a tooth (OU 22242; FRN J40/f206D) of Zygorhiza sp. derived 
from this glauconite sand-layer. The other Zygorhiza fossils from this locality were found as 
float in less glauconitic and slightly harder rocks, which most likely derived from the interface 
between the glauconite sand and the succeeding harder concretionary horizon. Overlying this 
glauconite sand layer, at Mehrten's Cliff and at McCulloch's Bridge, is a hard concretionary 
phosphatic horizon ( called "phosphatic band" by Srinivasan, 1966 or "hard band" by Wild and 
Speight, 19 J 9). This phosphatic horizon is widely spread, but missing in the Waihao Downs 
region (see Fig. 14 ). At outcrop JO a richly glauconitic and phosphatic horizon contains 










Overlying this succession at McCulloch's Bridge and at Mehrten's Cliff are the grey-green, 
l'ine sand to silty Otaio Limonitic Member and the Tahu Member. Those two members can be 
distinguished in the field by their different weathering pattern. The less limonitic Tahu 
Member tends to be harder and overhangs the Otaio Lirnonitic Member somewhat (Maxwell, 
1992: 12). At the type section of the Tahu Member at McCulloch's Bridge, the Otaio 
Limonitic Member is 4 m thick and the Tahu Member ends after 3.5 m with a concretion-
bearing horizon. At Mehrten's Cliff the thickness of the two members is reduced with 3 m for 
the Otaio Limonitic Member and 2 m for the Tahu Member. The upper border of the Tahu 
Me mber at Mehrten's Cliff is tentatively correlated with the occurrence of a 20 cm thick 
calcareous, glauconite free, mudstone layer. In the south branch of the Waihao River only 
two outcrops [ l4, 16] may show the Otaio Limonitic Member and probably the Tahu 
Member. 
FIGURE 12 Close-up photo of the burrowed disconformity below the turtle-bank at outcrop 
IO ('Waterfall Section') in the south branch of the Waihao River at the beginning of the third 
major bend upstream from where state highway 82 crosses the south branch of the Waihao 
River. Grid reference J40 ( 1984): 457008 . 
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FIGURE 13 Detailed sections of the turtle horizon in the south branch of the Waihao River 
between Waihao Downs Homestead and Waihao Forks. The numbers in square brackets[] 
are outcrop numbers (see text for explanations). 
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FIGURE 14 Partial section for outcrop 14 ('Waihao Downs outcrop') in the south branch of 
the Waihao River in the fifth major bend upstream from where state highway 82 crosses the 
south branch of the Waihao River. Grid reference J40 (1984): 448006. 
Sediments above the Waihao Greensand 
The calcareous Ashley Mudstone is commonly cited as overlying the Waihao Greensand in 
the vicinity of the McCulloch's Bridge outcrop (e.g. Maxwell, 1992). It may also be present 
in the Mehrten's Cliff outcrop, where the top of the Tahu Member is regarded as being 
indicated by a calcareous, grey mudstone layer. The Kapua Tuff Member (Riddolls, 1966a: 
39), which forms part of the Ashley Mudstone (Maxwell, 1992) could not be found in the 
study area. 
The Otekaike Limestone forms a prominent cliff along the southern border of the study area, 
where the Tertiary cover of the Waihao Greensand is preserved (see also Fig. 6). The 
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Otekaike Limestone begins at three locations [2, 5, 16] at about 8 to IO meters above the 
Waihao Greensand, thus leaving only a small distance for the accommodation of the Ashley 
Mudstone, Earthquakes Marl, and Kokoamu Greensand, which are known from outcrops 
below the Otekaike Limestone, about 800 m upstream from McCulloch's Bridge (R. E. 
Fordyce, personal communication, February 1995). Potential outcrops of these units in the 
study area are obscured by debris from the Limestone cliff. 
In most of the study area the Waihao Greensand is unconformably overlain by up to 15 m 
thick [25] Quaternary gravels, which were not mapped. Accordingly, the presumed outcrops 
of the two index horizons (see map, appendix K) are often hidden under a gravel veil. 
The age of the Waihao Greensand 
The age interpretation of the Waihao Greensand is linked to different approaches to mid-
Eocene lithostratigraphy, biostratigraphy, and chronostratigraphy. The Waihao Greensand is 
widely regarded (e.g. Allan, 1927; Srinivasan, 1966; Cameron and Waghorn, 1985; Maxwell, 
1992) as representing Bortonian to Kaiatan rocks. 
The Bortonian Stage was introduced by Park (1918: 25) as a sub-stage of the Waiarekan 
Stage for a section of poorly fossiliferous calcareous glauconitic sandstone near Bortons in 
the Waitaki Valley. Allan (1933: 88) suggested a different, more fossiliferous type locality 
for the Bortonian Stage, based on the outcrop of Waihao Greensand at McCulloch's Bridge, 
with the following words: 
The Bortonian Stage may be defined as the interval of time represented by the deposition 
of the lower greensands and sandstones in the Lower Waihao Valley, and as well as such 
periods as may be represented therein by non-deposition or erosion. 
From then on the Waihao Greensand was usually subdivided into Bortonian lower greensands 
and Kaiatan (Tahuian) upper greensands (e.g. Finlay and Marwick, 1947; Hornibrook, 1961; 
Srinivasan, 1966). 
The Kaiatan Stage was introduced by Morgan in Chapman ( 1918) based on a sequence of 
Kaiata Mudstone near Greymouth on the West Coast. The Tahuian Stage, which was 
proposed by Allan ( 1926b) as a sub-stage for the upper part (upper greensands above the 
'phosphatic band' in the McCulloch's Bridge outcrop) of the Waiarekan Stage, and later given 
full stage rank by Marwick (l 927), was regarded as a junior synonym for the Kaiatan Stage 
by Finlay and Marwick ( 1947), and subsequently replaced. 
A hard 'phosphatic band' at the section at McCulloch's Bridge was long regarded as 
representing the contact between the Bortonian and Kaiatan Stages. However, Srinivasan 




locality as being about "eight feet" (-2.5 m) above this phosphatic horizon. This pushed the 
contact between the Bortonian and the Kaiatan Stages upwards, to about halfway in the Otaio 
Limonitic Member (see Fig. 5). 
The only outcrop of Waihao Greensand in the study area, which received paleontological 
attention similar to the McCulloch's Bridge outcrop, is the 'Waihao Downs outcrop' [14] near 
Waihao Downs Homestead in the south branch of the Waihao River where a rich molluscan 
fauna is present. The shell-bed in this area occurs just below the turtle horizon in the middle 
part of the Lower Greensand Member. Most of the fossil molluscs collected probably derived 
from this shell-bed. Beu and Maxwell (1990: 99) listed fossil molluscs of Bortonian age from 
the Waihao Downs area, and Maxwell ( 1992: 11) also cited the occurrence of " ... a rich 
Bortonian molluscan fauna ... " from the same area, without indicating their exact stratigraphic 
positions. Maxwell ( 1992) merely listed the molluscs collected by him under the member in 
which they were found, without giving the lithologic constraints of these members in the 
Waihao Downs area. The matrix of the holotype specimen for Psephophorus terrypratchetti, 
which derived from the turtle horizon from the Waihao Downs outcrop [14], yielded the fossil 
mollusc Galeodea modesta (Suter, 1917) which according to Beu and Maxwell ( 1990: 106) 
indicates a Bortonian age. 
Apart from Srinivasan's (1966) detailed work on the section at McCulloch's Bridge, published 
information on foraminifera from the Waihao Greensand is confined to Cameron and 
Waghorn ( 1985), and more general reviews ( e.g. Hornibrook et al., 1989). Finlay ( 1939: 
512) cited the Bortonian index foraminifer Gaudryina proreussi Finlay, 1939 from the 
Waihao Downs region. He further noted (p. 529) Cibicides parki Finlay, 1939 as occurring in 
" ... almost pure greensands, such as at McCulloch's Bridge and Waihao Downs." 
My own attempts to obtain foraminifera from different horizons in the Waihao Greensand in 
my field area were not very successful, with most of the tested samples being devoid of these 
microfossils. Only four samples collected from the Mehrten's Cliff outcrop yielded 
foraminifera (see Fig. 15). 
The samples B (OU 41591, FRN J40/f209), C (OU 41592, FRN J40/2IO) and D (OU 41593, 
FRN J40/f211) from above the phosphatic horizon all contained numerous specimens of 
Arenodosaria antipoda (Stache, 1864) and some specimens of Gaudryina reussi Stache, 
1864. The age range for Arenodosaria antipoda was given by Hornibrook et al. ( 1989: 86) as 
Bortonian to Tongaporutuan, and the range for Gaudryina reussi as Bortonian to Otaian. 
Finlay (1939) and Srinivasan (1966) both used the first occurrence of Gaudryina reussi as an 
indicator for a Kaiatan (Tahuian) age for the upper part of the Waihao Greensand. 
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FIGURE 15 Section for the upper part of outcrop I (Mehrten's Cliff at the left side of the 
Waihao River about 1.5 km downstream from Waihao Forks) correlated with a photo from the 
same location. The locations of the samples taken for microfossil search are indicated with 
capita l letters A to D and X to Z. Grid reference J40 ( 1984): 477999. 
Cameron and Waghorn ( L 985) compared the transitional foraminiferal fauna at the Bortonian-
Kaiatan boundary at McCulloch's Bridge with a section of similar age at Hampden Beach in 












Bortonian. Hornibrook et al. (1989: 92, 66-67) further noted the occurrence of 11 ••• a good 
[ G.] reussi population in the lower Bortonian in North Canterbury ... 11 • In summary, the two 
species of foraminifera from the upper part of Mehrten's Cliff cannot be used to determine 
whether this part of the section is Bortonian or Kaiatan in age. 
Sample A (OU 41590, FRN J40/f208) from the grey mudstone immediately below the 
glauconite sand horizon at Mehrten's Cliff yielded the foraminifer Vaginulinopsis hochstetteri 
(Stache, 1864) for which Hornibrook et al. ( 1989) cited a Bortonian to Duntroonian age. 
Further samples (marked with X, Y, and Z on Fig. 15) were collected from the same horizon 
by McMillan and examined for dinoflagellates by G. J. Wilson. According to him (S. G. 
McMillan, personal communication, March 1994) the dinoflagellate Wilsonidium tabulatum 
(Wilson), indicating a late Bortonian to Kaiatan age, could be found. This age range does not 
allow to decide whether sediments just below the burrowed horizon are Bortonian or Kaiatan 
in age. 
I collected additional samples from the 'Waterfall Section' (outcrop 10) in the south branch of 
the Waihao River where the turtle horizon is separated from the phosphatic horizon by 25 m 
of sediment. Only one sample (OU 41594, FRN J40/f212) from the burrowed layer 
immediately below the phosphatic horizon yielded a microfauna consisting of the following 
foraminifera: Vaginulinopsis hochstetteri, Bulimina bortonica Finlay, 1939 and Arenodosaria 
antipoda. The occurrence of Bulimina bortonica, which is restricted to ?Porangan and 
Bortonian strata (Hornibrook et al., 1989) indicates together with Arenodosaria antipoda and 
Vaginulinopsis hochstetteri that the glauconite sand above the disconformity is Bortonian in 
age. 
Correlation of the New Zealand Bortonian and Kaiatan Stages with European Stages 
Cameron and Waghorn (1985) placed the base of the Bortonian Stage in the middle part of 
NP 15 (NP 15 is, according to Berggren et al., 1985, 45.4 to 49.8 Ma), and the Bortonian-
Kaiatan Stage boundary just below the NP 17-NP 18 boundary. Edwards et al. (1988: 143) 
placed the base of the Bortonian Stage at a similar level, and adopted an age of 46 Ma for it. 
The Bortonian-Kaiatan boundary was, however, correlated with the NP 16-NP 17 boundary. 
The correlation given by Harland et al. ( 1990) differs from that shown by Edwards et al. in 
that the Bortonian-Kaiatan boundary was placed in the uppermost part of NP 16. 
According to Edwards et al. (1988: 143) the top of the Bortonian Stage lies between 43.6 to 
39.8 Ma (arbitrarily placed at 42.5) (see Fig. 17). Field and Browne (1989: 5) gave an age of 
44 Ma for the contact between the Bortonian and Kaiatan Stages. Harland et al. ( 1990) 
placed the Bortonian-Kaiatan boundary at 41 Ma. 
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The Bortonian Stage correlates (after Edwards et al., 1988: 136) with the late Lutetian Stage. 
Harland et al. ( 1990: 62) correlated the Bortonian Stage with the middle Lutetian to early 
Bartonian Stages ( 41 to 45 Ma). Field and Browne ( 1989) placed the Bartonian-Lutetian 
boundary in the lower third of the Bortonian Stage, thus indicating that the major part of the 
latter Stage correlates to the Bartonian. 
Cameron and Waghorn (1985) Edwards et al. (1988: 142) Harland et al. (1990: 63) 
---------- ---------- .. ---...... --.. ----------,--,--··------r·-----·---
NP 19 I I Priabonian 
Runangan Priabonian Runangan 
I I Priabonian I Runangan 
Kaiatan - - - - - - -
NPI81 I - - - • - •I-- - - - -+-- - - - -- - - Bartonian Kaiatan 
NP 171 I B . ____ ~_-I Bartonian L ~a~t:1 _ artoman . -. - - - -
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FIGURE 16 Correlation of middle and upper Eocene New Zealand Stages with European 
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The surprising correlation of the New Zealand Kaiatan Stage with the Priabonian Stage by 
Cameron and Waghorn ( 1985) is based on the occurrence of the index coccolith 
Chiasmolithus oamaruensis, which represents the NP 18 zone of Martini (1970). The start of 
the Priabonian Stage was considered by Cameron and Waghorn (1985) to be concurrent with 
NP 18, i.e. the first occurrence of Chiasmolithus oamaruensis. According to Cameron and 
Waghorn ( 1985) this coccolith was also found about 80 cm above the phosphatic horizon in 
the McCulloch's Bridge section. This would make most of the Otaio Limonitic Member and 
all of the Tahu Member Priabonian in age. It would also implicate that the very uppermost 
part of the Bortonian Stage is Priabonian in age. Edwards et al. ( 1988) solved this apparent 
problem by using a different interpretation of the Priabonian stratotype which allowed them 
to place the beginning of the Priabonian in NP 19. Harland et al. (1990), however, by 
referring to convention, again gave the beginning of the Priabonian as coinciding with NP 18. 
The differences in the above correlations between European and New Zealand Stages and 
their location on an absolute time scale are due to numerous variables which allow different 
interpretations on many levels during the course of correlation. [Examples include: use of 
stratotype or lectostratotype, correlation of different fossils to one zone ( overlap?), 
interpretation of the different fossil content in different facies ( of apparently the same age), 
the spectrum present in the interpretation of absolute radiometric dates, the correct 
identification of microfossils]. Because there is no data available which would make it 
possible to compensate for the upwards shift in regard to younger stages, I did not use 
Cameron and Waghorn's correlations but referred to Harland et al. (1990). Accordingly I 
regard the Bortonian Stage as covering a time interval from 45 to 41 million years, and the 
Kaiatan Stage as covering a time interval from 41 to 38.6 million years. Because the Ashley 
Mudstone, which overlies the Kaiatan Tahu Member, is also regarded to be Kaiatan in age 
(Maxwell, 1992: 13), I arbitrarily took the top of the Waihao Greensand to be 40 million 
years. The Waihao Greensand thus covers a time interval from 45 to 40 million years. I 
arbitrarily placed the Lutetian-Bartonian boundary between the turtle horizon and the 
phosphatic horizon. 
During the last review stages of my PhD I was made aware of an interim time scale published 
by Crampton et al. (1995). The authors particularly stress that it is an interim time scale, and 
that a full revision of the New Zealand geological time scale may be available within the next 
three to five years. A discussion is not included, instead the authors ask "for any amendments 
or suggestions that will lead to an improvement in the quality of the time scale". Because I 
lacked the time to review and evaluate this interim time scale, I only reproduced the Lutetian 














FIGURE 18 Middle and upper Eocene part of the time scale of Crampton et al. ( 1995). 
Thickness of the Waihao Greensand 
The thickness of the Waihao Greensand appears to be least at outcrop 5 with an inferred 
thickness of 36 m and greatest in the Waihao Downs Homestead area [16 to 18] where the 
maximum theoretical thickness could reach up to 82 m. Field and Browne (1986: 16) noted 
an average thickness of 23 to 66 m for the Waihao Greensand. The maximum exposed 
thickness for a part of the Waihao Greensand is 35 m [ 17]. The fast lateral change in inferred 
thickness (from 36 m to 82 m within 2 km distance) is due to the different thickness of 
sedimentary units within the Waihao Greensand (see appendix I); it is not caused by tectonic 
structures. Figure 19 is a composite section which gives the average thickness for each 
sedimentary unit of the Waihao Greensand, thus leading to a total average thickness of 67 m. 
Field and Browne ( 1989: 38) gave an overall value of about 10 m deposit per million years 
for the Canterbury region during Bortonian to Runangan times. This value is supported by 
my calculated average sedimentation rate of 13 m per million years for the Waihao Greensand 
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Depositional model for the Waihao Greensand 
The Waihao Greensand is a marine sediment deposited unconformably on either the terrestrial 
Taratu Formation, or the marine Kauru Formation. A marine environment with some 
fluctuations in sea-level prevailed throughout the deposition of the Waihao Greensand. 
I regard it as very likely that marine, glauconitic sediments of the Five Forks Glauconitic 
Sand Member of the Kauru Formation were wide-spread before the Waihao Greensand was 
deposited. Major storms, or other high energy events (?tsunamis), together with a relative 
rise in sea-level, caused some of these sediments to be reworked. During reworking only the 
coarser glauconite sand content remained, while finer material was transported away (by 
winnowing). This led to the formation of a richly glauconitic silt to fine sandstone, and in 
places where gravels from the underlying Taratu Formation had also been reworked, to a 
conglomerate consisting of quartz pebbles in a glauconite sand matrix. This 'green 
conglomerate' can be seen in outcrops 17, 18 and 25, 26 (see also appendix I). 
After this initial marine deposit the relative sea-level continued to rise, which led to a low 
sedimentation rate, and the formation of glauconite grains in situ in the study area. A low 
sedimentation rate in more distal regions is caused by sediment being trapped in freshly 
flooded areas (Tucker, 1991: 196). Disconformities within these fine grained sediments are 
marked by glauconite sand infilled Thalassinoides burrows which reach down into essentially 
glauconite free grey mudstones. These disconformities were presumably caused by 
reworking and winnowing of glauconite containing silt and mud during storms or other high 
energy events. The winnowing led to a residual accumulation of glauconite sand which was 
colonised by Thalassinoides constructing animals. 
The overlying 'A-B layers', which are present throughout the study area, are seen as a 
succession of discontinuities (condensed sequence) formed in a more distal low sedimentation 
environment. An increase in water depth, which caused a reduced sedimentation rate, 
allowed the development of an intensely burrowed sea-floor with an increased phosphate 
content. During transgressions the bio-productive, shallow marine areas increase, thus 
leading to an accumulation of organic matter. This accumulation finally leads to an increased 
amount of phosphate in the sediment and the deeper parts of the water column (Degens, 1965: 
146; Tooms et al., 1969: 70). Under prevailing very low sedimentation rates this phosphate 
coagulates around organic nuclei such as burrows and excrements (Tucker, 1991: 195-196). 
FIGURE 19 Generalised composite section for the Waihao Greensand in the study area, 
combined from different outcrops. The correlation between New Zealand Stages and 
European Stages is only approximate. The scale (in meters) gives the average thickness for 
units of the Waihao Greensand; the absolute thickness of these units varies greatly (see 
appendix C). 
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A complex chemical interaction between seawater and sediment causes the building of 
phosphatic-calcitic concretions (Degens, 1965: 146). The increase in thickness of the 
members of the 'A-B layers' towards the top of this unit coincides with a decline in their 
phosphate content, thus supporting the theory by Tooms et al. ( 1969: 75). The rhythmic 
succession of the 'A-B layers' may have been caused by intermittent sediment import, 
probably due to climatic fluctuations. Pebbles occurring in the 'A-B layers' at outcrops 17 
and 24, and layers of glauconitic siltstones in outcrops 18, 29 and 33, are regarded as 
imported during storms. The pebbles are not found in layers because they were distributed by 
burrowing organisms. 
An increase in the sedimentation rate terminated the formation of the 'A-B layers', and led to 
the deposition of a glauconitic silt to fine sand. This increased sedimentation in the study 
area probably happened during a relatively stable sea-level, which further led to a decreasing 
glauconite content in the higher parts of this unit. The amount of glauconite decreases with 
an increasing sedimentation rate; the sedimentation rate in more distal settings increases after 
the more proximal sediment traps are filled (Berner, I 97 I: 20 I). The top part of this unit 
consists in most places of an essentially glauconite free grey mudstone, and in some places 
[ 14-17] of a more glauconitic, shell-bearing sediment. These shells are often accumulated in 
nests and layers. I interpret this 'shell-bed' as an indicator for currents and shallow marine 
conditions. This interpretation is supported by the occurrence of a 5 cm thick, unfossiliferous 
and unburrowed layer of a cross-bedded fine sand with only little glauconite, at about the 
same level as the shell-bed near outcrops 7, 8 and 11. 
Above this unit is a disconformity, followed by the turtle horizon, which starts in most places 
with a 17wlassinoides burrowed glauconite sand above a grey mudstone. The glauconite sand 
layer is regarded as caused by winnowing; its absence in the Waihao Downs Homestead area, 
where the phosphatic-concretionary turtle-bank follows immediately above the local shell-
bed, is probably due to erosion in a shallower environment. An interpretation of the 
glauconite sand as having undergone some sorting process is supported by its predominant 
medium sand grain size (0.2 to 0.6 mm, with a peak between 0.3 and 0.4 mm). After the 
event which led to the deposition of the glauconite sand layer, the sedimentation rate 
decreased strongly, thus leading to conditions which allowed the formation of the phosphatic-
concretionary turtle-bank. A rise in relative sea-level could explain this decrease in 
sedimentation. The low sedimentation regime necessary for the formation of the turtle-bank 
was halted in most localities with the deposition of a glauconitic siltstone. In some outcrops, 
however, a burrowed, brown-red glauconite-sand horizon appears directly above the turtle-
bank. The red mineral grains which cause the brown-red colour are presumably iron oxides 
(haematite) formed in a terrestrial setting. I regard this brown-red glauconite sand layer as 
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indicating sediment import, as well as local winnowing, during a storm or another high 
energy event. 
The amount of glauconite decreases progressively above the turtle horizon until it practically 
disappears just below the disconformity under the phosphatic horizon[= Srinivasan's 
'phosphatic band']. This declining glauconite content was probably caused by an increasingly 
seawards projecting sediment wedge during a relatively stable sea-level. The disconformity 
on top of this unit is marked by glauconite sand infilled Thalassinoides burrows, and a 
glauconite sand layer. The disconformity was presumably caused by reworking and 
winnowing of glauconite containing silt and mud during storms or other high energy events. 
The winnowing led to a residual accumulation of glauconite sand which was colonised by 
Thalassinoides constructing animals. An interpretation of local winnowing with only little 
transport is supported by the find of an archaeocete tooth in this sand, which shows no 
transportation caused wear such as rounded or broken edges. Above the glauconite sand-
layer follows at Mehrten's Cliff and at McCulloch's Bridge the phosphatic horizon [ = 
"phosphatic band" of Srinivasan, 1966]. This phosphatic horizon is very similar to the turtle-
bank, and is regarded as having been caused by similar circumstances (very low 
sedimentation rate, rise in relative sea-level). At outcrops 10, 14 and 16 the phosphatic 
horizon is replaced by a glauconitic silt to fine sand. I regard the lack of the phosphatic 
horizon and its replacement by glauconitic sediment in this area as an indicator for a 
shallower environment, which also acted as a barrier to elastic sediment import. The 
abundant occurrence of Duplipecten parki in this unit at outcrop 10 may further show that 
shallower conditions existed nearby. 
The strata overlying the phosphatic horizon and its lateral equivalents, show a decreasing 
glauconite content. This graditional decline of glauconite from the Otaio Limonitic Member 
to the Tahu Member to the Ashley Mudstone was probably caused by an increasing import of 
elastic sediment, during a relatively stable sea-level. The depositional environment for the 
Waihao Greensand was indicated by Field and Browne (1986) as a low energy, lower shore 
face to inner shelf setting; my results support this assumption in general, although the 
phosphatic bands point towards a more isolated setting during their formation. 
Relative changes in sea-level 
The depositional history of the Waihao Greensand starts with a sharp rise in sea-level, 
followed by a prolonged period of high sea-level, ('A-B layers'). After a relative stable sea-
level during the formation of grey mudstone and an overlying glauconite-sand disconformity, 
the sea-level rose again as indicated by the turtle horizon. Following the formation of the 
turtle horizon, the sea-level again remained relatively stable to be interrupted by a second 
relative rise during the formation of the phosphatic horizon. The sea-level then remained 
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high, without major fluctuations, during the formation of the Otaio Limonitic Member, the 
Tahu Member and the overlying Ashley Mudstone. 
I compared these inferred fluctuations in sea-level with a segment of Hag's et al. (1987) sea-
level curve for the middle Eocene (Fig. 20). The obvious dissimilarity between Hag's sea-
level curve and my inferred local sea-level curve could have many reasons. Local factors 
such as changes in basin subsidence, and changes in coastal currents will certainly have 
influenced the sedimentation pattern during the deposition of the Waihao Greensand. 
Furthermore, there is the lack of information on the age of the different units within the 
Waihao Greensand. It is uncertain how much time is represented by the disconformities and 
discontinuities, and how long each of the Waihao Greensand units took to be deposited. It is 
likely that some units, for example the ten meters occupied by the 'shell-bed' and underlying 
medium glauconitic siltstones, represent less time than the I to 1.5 m thick phosphatic layers. 
Haq et al. ( 1987) 
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FIGURE 20 Comparison of a segment of the sea-level curve of Haq et al. ( 1987) with an 
inferred sea-level curve for the Waihao Greensand. The correlation with nanoplankton zones 
(NP) is after Haq et al. ( 1987). The section on the right is a strongly reduced composite 
section for the Waihao Greensand based on Fig. 19. 
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Beu and Maxwell (1990: 99) indicated a mid shelf setting for the lower Waihao Greensand in 
the Waihao Downs area. Maxwell ( 1992: 41) further suggested a water depth for the Tahu 
Member, based on molluscan fossils, of 150 to 250 m. The succeeding Ashley Mudstone was 
regarded by Ayress (1995: 901) as having been deposited within the photic zone of the outer 
shelf, not deeper than a maximum of 500 m. 
Field and Browne ( 1989: 42) interpreted the Ashley Mudstone as deposited in deeper water 
than the Otaio Limonitic Member and strata below it, thus suggesting a rise in sea-level. 
Climate during the deposition of the Waihao Greensand 
During the middle to late Eocene a tropical to subtropical sea surrounded New Zealand. 
Records of fossil coconuts (Campbell et al., 1991: 37) from the Tapui Glauconitic Sandstone, 
a lateral equivalent of the Waihao Greensand, warm water molluscs (Beu, 1966; Beu and 
Maxwell, 1990; Maxwell, 1992), corals, (Squires, 1958; Keyes, 1968) foraminifera and 
brachiopods indicate, according to Hornibrook (1992), a slow rise in sea temperature during 
the Bortonian Stage from 18° Cat the beginning to almost 20° C in its middle and upper part 
(I normalised the temperatures given in Hornibrook, 1992: fig. 1 to a latitude of 440 S with 
Io C per degree latitude). Calcareous nanoplankton (Edwards, 1968) further supports 
subtropical temperatures during the Bortonian Stage. 
Devereux ( 1967: 1000), in his work on oxygen isotope based paleotemperature 
measurements, listed a total of three samples of benthic foraminifera taken from Bortonian 
strata at Hampden Beach (North Otago ). These samples indicate, according to Devereux, 
temperatures varying from 16.5 o to 19 .1 ° C, with an average value of 17 .8 ° C. As Burns and 
Nelson ( 1981: 534) pointed out, Devereux did not correct his results for the change in the 
isotopic composition of the sea water, thus 40 C should be subtracted, which would lead to 
temperatures of only 13.8° to 15.1 ° C. Because this low value contradicts the overwhelming 
paleontological evidence it is regarded as erroneous. Indeed, other oxygen isotope analyses 
for the latest Eocene (Burns and Nelson, 1981) gave further evidence for a warm tropical to 
subtropical sea with a sudden drop in temperature at the Eocene-Oligocene boundary. 
Further support for warm oceanic conditions during the deposition of the Waihao Greensand 
can be found in the occurrence of the fossil leatherback turtle Psephophorus, and in the 
occurrence of dorudontine archaeocetes, both of which are only reported elsewhere from 
inferred warm water sediments. 
In summary, the molluscan based evidence (Maxwell, 1992) and an interpretation based on a 
broad spectrum of invertebrate and plant fossils (Hornibrook, 1992), as well as vertebrate 




CHAPTER 3: TURTLES 
Introduction 
Most recent publications on turtles use the word turtle as a synonym for any member of the 
order Testudines. In some, especially in older literature one can find the term tortoise applied to 
terrestrial animals and turtle to marine animals only. Another name sometimes used in North 
America for freshwater or tidewater turtles is terrapin. 
Because these names are not always used with their intended meaning, e.g. the so-called 
'tortoise-shell' does derive from a marine turtle, I comply in using the name turtle as a synonym 
for the order Testudines. 
Turtles are anapsid reptiles that can easily be recognised by their typical body armour which 
consists of a carapace (convex dorsal shell) and a plastron (flat belly shell). In the vast majority 
of all turtles the carapace is built by fusion of neural spines and ribs to distinct ossified dermal 
plates, which subsequently leads to a rigid, strong carapace ('primary carapace'). 
~x nuchal plate 
1·:•z•:•:•:·gi::a costal plate -:-:.:,:.: .. •. l.!Ji -
neural plate 
11111 marginal plate 
FIGURE 21 The idealised carapace of a chelonioid sea turtle with terms for some elements 
indicated. Figure is based on a sketch of the carapace of Chelonia mydas by Zittel (1902: fig. 
297). 
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The nomenclature used in this thesis for the elements of the primary carapace is as follows (see 
also Figure 21 ): 
•neurals or neural plates for the median dorsal row of plates 
•costals or costal plates for the wide plates fused to the ribs (in some publications also called 
pleurals or pleural plates) 
•marginals or marginal plates for the frame-like rim on the ventral border of the carapace (in 
some publications also called peripherals or peripheral plates) 
•nuchale or nuchal plate for the large anterior median element of the marginal rim 
As Zangerl ( 1969: 313) summarised, there are two ways to interpret the evolution of this 
'primary carapace'. One interpretation is that the lateral part of the carapace is built solely by 
expanded ribs, and the medial part by flattened neural spine processes of the vertebrae. The 
other interpretation, which is favoured by most scientists (e.g. Hoffstetter and Gase, 1969; 
Zangerl, 1969), and which is used by myself, is that discrete dermal ossifications became 
secondarily associated with the elements of the axial skeleton, i.e. that the carapace is built by 
flattened ribs fused to lateral dermal plates (costals) and a median row of dermal plates (neurals) 
fused to the neural spines. 
Dermochelyid turtles (sensu this thesis), however, have unfused, free ribs and vertebrae. The 
primary costal plates are strongly reduced, but still recognisable as thin, flat areas bordering the 
ribs. The only distinct parts preserved of the 'primary carapace' are the nuchale and the greatly 
reduced plastron. The 'secondary carapace' of dermochelyid turtles, which replaces the 
'primary carapace' is made up by numerous bony platelets which are situated in a thick, 
leathery skin in the extant Dermochelys. Those platelets are not identical with the primary 
plates which fuse to the ribs and neural spines in other turtles. 
The dermochelyids are today represented by only one monotypic genus: the Ieatherback turtle 
Dermochelys coriacea (Linnaeus, 1758). Most modern literature notes the species D. coriacea 
as the only representative of the genus Dermochelys. In some publications, however, the 
species D. atlantica Lesueur, 1829, D. angusta Philippi 1899, and D. schlegeli Garman, 1884 
occur occasionally (e.g. Packard, 1940: 22, as D. schlegelii), but lack any taxonomic 
justification (see Nick, 1913: 5-7 for a summary). 
Turtles have a long paleontological record, with probable representatives from Permian 
sedimentary rocks (Eunotosaurus qfricanus Seeley, 1892) and unquestionable representatives 
from late Triassic sedimentary rocks (e.g. Proganochelys quensteclti Baur, 1887). Permian 
'turtles' are only known from a few fragmentary specimens which are either regarded as early 




turtles are known since the Jurassic, and highly adapted marine turtles appeared in the 
Cretaceous. 
Classification of turtles 
PREAMBLE 
The universally accepted definition for the higher taxonomic categories of turtles can be 
summarised as: turtles are reptiles of the monophyletic order Testudines (subclass Anapsida) 
with a body encased by a shell and limb-girdles inside the rib-cage. 
For about the last 90 years the most common approach to further classify turtles was to use the 
differences in the cervical vertebrae articulation, which allows to subdivide most turtles into two 
suborders, the Pleurodira, which withdraw their head by a horizontal flexure of the neck, and 
the Cryptodira which withdraw their head by a vertical flexure of the neck. This classification 
works well from the Jurassic onwards, but cannot be applied to Triassic turtles which were not 
yet able to withdraw their heads (Williams, 1950). This relatively small paraphyletic group of 
primitive terrestrial to fresh-water turtles (Benton, 1993) includes according to Meylan (1996) 
just three genera (Proganochelys Baur, 1887, Paleochersis Rougier et al., 1995, and 
Australochelys Gaffney and Kitching, 1995). 
Because the turtle material discussed in this thesis was found in marine strata and because there 
is no reason to suggest that New Zealand had a terrestrial turtle population in the early Tertiary, 
I restricted the further taxonomic discussion to the marine members of the suborders Pleurodira 
and Cryptodira. [Pleurodira and Cryptodira are commonly given the rank of suborder (e.g. 
Romer, 1956; Muller, 1968; Broin and Pironon, 1980; Benton, 1993; Meylan, 1996) but some 
authors rank them as infraorder (Gaffney, 1975a: 425) or megaorder (Gaffney and Meylan, 
1988)]. 
The Pleurodira (sensu Gaffney" and Meylan, 1988) include extant and fossil fresh-water and 
terrestrial turtles, as well as the two fossil marine genera Bothremys Leidy, 1865, and 
Taphrosphys Cope, 1869, which were both placed (Romer, 1956; Gaffney, 1975b; Benton, 
1993) in the family Pelomedusidae. Only one species of one of these two genera is not 
restricted to the Cretaceous period (Gaffney, 1975b). This species differs distinctively from the 
Eocene New Zealand turtles (see discussion there). 
The Cryptodira, which encompass all living marine turtles, also hold most of the fossil marine 
families (only exception: Pelomedusidae). The marine members of the Cryptodira are 
assembled in different superfamilies and families by different authors, some of which are cited 
below. 
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Different classification systems for the suborder Cryptodira 
•Romer ( 1956) subdivided the marine members of the suborder Cryptodira in two 
superfamilies, the Chelonioidea (families: Toxochelyidae, Protostegidae, Desmatochelyidae, 
Cheloniidae) and the Dermochelyoidea (family: Dermochelyidae). 
•Muller ( 1968) did not consider superfamily ranks in his classification but only listed the 
families Cheloniidae, Protostegidae, Toxochelyidae and Dermochelyidae as marine families of 
the suborder Cryptodira. He included only the genera Dennochelys, Psephophorus and 
Cosmochelys into the family Dermochelyidae. 
•Gaffney ( 1975a: 428) only acknowledged one superfamily (Chelonioidea) for the marine 
members of the Cryptodira, and included the following families: Plesiochelyidae, 
Toxochelyidae, Protostegidae, Dermochelyidae, and Cheloniidae. Later, Gaffney and Meylan 
( 1988) list only four families (Dermochelyidae, Osteopygidae, Protostegidae and Cheloniidae) 
and five genera (Toxochelys, Ctenochelys, Notochelone, Allopleuron, and Desmatochelys) as 
members of the Chelonioidea. 
• Weems ( 1988: 141) subdivided marine turtles into the superfamilies Chelonioidea (families: 
Plesiochelyidae, Toxochelyidae, Cheloniidae) and Dermochelyoidea (families: Protostegidae, 
Dermochelyidae ). 
•Benton in Benton (1993) based his classification on that of Gaffney and Meylan (1988), and 
also restricted the marine members of the Cryptodira suborder into one superfamily, the 
Chelonioidea (families: Toxochelyidae, Cheloniidae, Osteopygidae, Desmatochelyidae, 
Protostegidae, and Dermochelyidae). 
•Hirayama (1994) also recognised only the superfamily Chelonioidea, which according to him 
can be subdivided into just three families, the Cheloniidae, Protostegidae and Dermochelyidae. 
This ongoing change in the classification of marine cryptodiran turtles is due to different 
definitions and interpretations of taxa. Gaffney (1975a, 1979) and Gaffney and Meylan (1988) 
based their classification of fossil and extant turtles heavily on skull features, which necessarily 
excluded most of the species not known from skull material, e.g. the important early 
dermochelyid Cosmochelys dolloi Andrews, 1920. The taxonomic framework of Gaffney and 
Gaffney and Mey Ian works well for turtles known from skulls, but in the case of fossil 
dermochelyids, from which skull material is quite rare and not conclusive, a different 
taxonomic approach is needed. 
Romer and Hirayama considered skull as well as shell and limb features in a way which more 
easily allows many fossil species to be included. Howeve1the classification proposed by 
Hirayama ( 1994) is, at least for his dermochelyids, too broadly based. For example his 
Cretaceous 'HMG dermochelyid' is included into his dermochelyids on the basis of only one 
probable autapomorphy (see detailed discussion on page 138). This classification with only 
., 
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three families for all marine turtles must necessarily use a very broad family definition which 
may contradict the accuracy of his classification altogether. 
Muller's and Weems' classification systems both rely heavily on post cranial features, and it is 
therefore not surprising that both authors arranged only three taxa, namely Cosmochelys, 
Psephophorus and Dermochelys together in a subfamily (Weems), or family (Mtiller). Weems, 
however, not only retained the use of the superfamily Dermochelyoidea but also included the 
family Protostegidae into this superfamily. All the other classification systems discussed here 
clearly acknowledge the major differences between protostegid and dermochelyid turtles. 
Classification used in this thesis 
Gaffney (1984) gave an excellent historical analysis of theories of chelonian relationships in 
which he showed the changing concepts in turtle taxonomy. In this paper he also demonstrated 
how the changing interpretations of the peculiar secondary armour of Dermochelys, as either 
very archaic or derived from a cheloniid ancestor, influenced its taxonomic position. Authors 
which held that Dermochelys is very archaic arranged it in a sister group opposing all other 
turtles, or at least in a separate superfamily, whereas others who realised its derived characters 
arranged it together with other extant marine turtles in the superfamily Chelonioidea. 
Nowadays most turtle taxonomists arrange dermochelyids in the superfamily Chelonioidea. 
My own taxonomic ideas differ in some respects from all of the authors mentioned above. I 
agree with Gaffney and Benton that dermochelyid turtles don't merit a supe1family by 
themselves because they form a relatively young (Tertiary) offshoot from the main cheloniid 
stem with whom they share many osteological characters. However, because the information 
available from fossil dermochelyids (sensu this thesis) is almost entirely restricted to post 
cranial material, and because the interpretation of cranial features in the so-called dermochelyids 
of Romer, Gaffney, Gaffney and Meylan, and Hirayama is sometimes contradictory (see 
discussion on page 142), I only regard turtles with the unique derived feature of a secondary 
carapace as belonging to the fainily De1mochelyidae. 
Accordingly my understanding of the family Dermochelyidae includes only the three genera 
Dermochelys, Psephophorus and Cosmochelys. 
The monotypic middle Eocene genus Cosmochelys Andrews, 1920 is only known through 
parts of its axial skeleton and secondary carapace; no skull or limb bones have been found. 
However, the known elements differ from both Dermochelys and Psephophorus in that the 
proximal parts of the costal plates are very wide and fused to each other, a feature which I 
regard as a primitive character lost in more advanced animals. Cosmochelys is, therefore, 
regarded here as a basal dermochelyid. 
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The most obvious difference between the middle Eocene to Pliocene genus Psephophorus 
Meyer, 1847 and the extant Dennochelys coriacea can be found in the secondary armour. In 
Psephophorus this armour consists of very thick and relatively few platelets, whereas in 
Dermochelys the platelets are extremely thin and very numerous (see discussion of secondary 
armour on page 132). A further difference are the less well adapted humeri in Psephophorus 
(e.g. their more slender appearance). 
The Pliocene to extant genus Dennochelys differs from Cosmochelys and Psephophorus in 
possessing thin and numerous platelets, a highly derived parathalassic humerus (see discussion 
of OU 22021 ), and strongly reduced primary shell components. 
Beyond these three genera, all other so-called dermochelyids (e.g. Eosphargis, Corsochelys 
and 'HMG dermochelyid') lack a secondary carapace but possess a well developed and 
functional primary carapace and are therefore not recognised as true dermochelyids in this 
thesis. 
This section of my thesis also deals with non-dermochelyid turtles. Some of the New Zealand 
Eocene turtles have a primary carapace with functional neurals, costals and marginal bones, and 
reduced wing shaped plastral elements, showing that these animals are probably members of 
the Cheloniidae. Because all these non-dermochelyid turtles lack sufficient morphological 
characters to positively assign them to a particular cheloniid genus, a taxonomic subdivision 
below family level is not given in my classification. The family identification for the New 
Zealand non-dermochelyids was made by default, rather than by positive association, due to the 
incompleteness of the specimens (see pages 193 and 201). More complete humeri and skulls 
are needed to assess the exact taxonomic position of the New Zealand cheloniids. 
The following classification of turtles only shows families with marine taxa, and in cases where 
the fossil material was conclusive (i.e. Dermochelyidae) also genera. More detailed 
classifications can be found in the discussions below. 
Class Reptilia Laurenti, 1768 
Subclass Anapsida Williston, 1917 
Order Testudines Linnaeus, 1758 
Suborder Pleurodira Cope, 1868b (sensu Gaffney and Meylan, 1988) 
Family Pelomedusidae Cope, 1868b (sensu Gaffney and Meylan, 1988) 
Suborder Cryptodira Cope, 1868b (sensu Gaffney and Meylan, 1988) 
Superfamily Chelonioidea Baur, 1893 (emended after Gaffney and Meylan, 1988) 












Family Toxochelyidae Cope, 1868b (emended after Zangerl, 1953) 
Family Desmatochelyidae Williston, 1917 (emended after Gaffney and Meylan, 
1988) 
Family Cheloniidae Oppel, 181 I (emended after Gaffney and Meylan, 1988) 
Family Dermochelyidae Gray, I 825 (emended) 
Genera Cosmochelys Andrews, 1920 
Dermochelys Blainville, 1816 
Psephophorus Meyer, 1847 
Historical review of the genus Psephophorus 
In I 846 Hermann von Meyer announced (Meyer, 1846: 472) the discovery of some isolated 
polygonal dermal platelets from Neudorfl in Austria (now Nova ves in Hungary). Those bony 
platelets were then thought to possibly belong to an armadillo-like animal within the mammalian 
family Dasypodidae. 
The name Psephophorus polygonus was first applied by Meyer (1847: 579) after he received 
further information about some additional 70 polygonal dermal platelets from the same locality. 
Those additional platelets seemed to confirm the attribution to the Dasypodidae. In 1868 and 
1870 the 'Museum of the Imperial Geological Survey' in Vienna bought the holotype specimen 
of Psephophorus polygonus and a second, larger slab which fitted to the slab holding the 
holotype and contained nearly 100 additional platelets of the same carapace (Hauer, 1868: 387; 
1870: 342). The only remaining fragment of this combined holotype specimen for 
Psephophorus polygonus (Fig. 22) is held in the Naturhistorisches Museum in Vienna. 
After some years and an increasing amount of doubt about the 'armadillo' character of 
Psephophorus [Meyer himself pointed out (Meyer, 1851: 3) the strong resemblance of 
Psephophorus to a carapace fragment of Dermochelys coriacea figured by Muller (1849: 34)], 
Fuchs finally remarked (Fuchs, 1874: 220), after personally examining the skeleton of an 
extant Dermochelys coriacea, that Psephophorus represents without doubt remains of a marine 
turtle. In 1879 Seeley was invited to Vienna by Hauer to examine Meyer's specimen, which he 
formally described and figured for the first time (Seeley, 1880). While partially preparing 
Meyer's specimen, Seeley discovered five imperfectly preserved vertebrae which closely 
resembled Dermochelys vertebrae. After this discovery Seeley confirmed the opinion of Fuchs 
that the material was indeed dermochelyid in character. 
Further remains of Psephophorus have often been misinterpreted in a similar way as either 
armadillo-like armour (Glyptodon), parts of Ostracion (coffer-fish) armour (Serres et al., 
1839: 25 I) or, as dermal armour of an archaeocete whale (Abel, 1901). 
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FIGURE 22 Psephophorus polygonus H. von Meyer, l 847. Remaining half of the holotype 
























FIGURE 23 Glyptodon sp. (Mammalia: Glyptodontidae). Part of armour. Display specimen 
in the MnHN (collection number not available). The coin has a diameter of 2.3 cm. 
Scale x 0.75. 
Figures 23 and 24 are photos of a Glyptodon and an Ostracion armour. It can easi ly be 
recogni sed that these armours differ distinctly from the armour of Psephophorus . The thick 
Glyptodon ossic les show a typical 'flower pattern' with a larger central field surrounded by 
smaller fields, whereas the Ostracion ossicles are distinctly hexagonal with a fine radiating 
scu lpture and small nodules . It appears impossible to mistake these ossicles for Psephoph.orus 
plate lets. 
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FIGURE 24 Ostracion sp. (Pisces: Ostraciontidae) . Display specimen in the MnHN 




















The Psephophorus fossils from New Zealand 
SYSTEMATICS 
Class Reptilia Laurenti, 1768 
Order Testudines Linnaeus, 1758 
Suborder Cryptodira Cope, 1868b 
Superfamily Chelonioidea Baur, 1893 (emended after Gaffney and Meylan, 1988) 
Comments: Gaffney and Meylan (1988) introduced a micro-order Chelonioidea (their taxon 
D l) which embraces all marine turtle families. I changed the rank from micro-order to 
superfamily, without proposing changes in their definition. For further discussions about the 
use and understanding of the term Chelonioidea see page 45. 
Family Dermochelyidae Gray, 1825 (emended) 
Type-genus: 
Dermochelys Blainville, 1816 
Included taxa: 
Cosmochelys Andrews, 1920 
Psephophorus Meyer, 1847 
Definition: Marine turtles with a secondary carapace made of numerous small platelets (de1mal 
ossicles) and a strongly reduced primary' carapace. 
Comments: I regard the presence of a secondary carapace as a unique derived feature for 
dermochelyids. Other autapomorphies may also occur in this family, but the fossil material is 
too scarce and incomplete to justify the use of these characters, as published literature indicates, 
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for taxonomic purposes at present. Examples of such additional and/or different diagnostic 
features for the family Dermochelyidae were given by Muller (1968), Romer (1956), Gaffney 
and Meylan (1988), Weems (1974), and'Hirayama (1994). As far as I can tell, these additional 
or alternative features either are not known from fossil dermochelyids (sensu this thesis) or 
refer to taxa without a secondary carapace which are not recognised as dermochelyids here. 
The following enumeration lists these genera. 
Excluded genera: 
Allopleuron Baur, 1888 
Corsochelys Zangerl, 1960 
Desmatochelys Williston, 1894 
Eosphargis Lydekker, 1889a 
Glyptochelone Dollo, 1909 
Protosphargis Capellini, 1884 
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'HMG dermochelyid' of Hirayama, 1994 
'Thalassochelys' testei Bergounioux, 1956 
Genus Psephophorus Meyer, 1847 
Synonymy: 
Ostracion Serres et al., 1839 (fide Gervais, 1859) 
Sphargis Gervais, 1849 (fide Dollo, 1887a) 
?Zeuglodon Millier, 1849 
Dermatochelys Meyer, 1858 
Sphargis Gervais, 1859 
Macrochelys Beneden 1871 
Sphargis Beneden 1883a 
Sphargis Woodward, 1889 
Type species: 
Psephophorus polygonus Hermann von Meyer, 1847 
The only partially preserved holotype consists of a platelet field (see Fig. 22) found in a late 
Miocene (Tortonian) sandstone near Neudorfl in Austria (see detailed description on page 102). 
Included Taxa: 
Psephophorus rupeliensis (Beneden, 1883b) sensu Dollo, 1887a 
Psephophorus scaldii (Ben eden, 1871) [here regarded a synonym for P. polygonus] 
Psephophorus pseudostracion (Gervais, 1849) [here regarded a synonym for P. 
polygonus] 
Psephophorus (?) oregonensis Packard, 1940 
Psephophorus calvertensis Palmer, 1909 

















Definition: Marine turtles with a secondary carapace consisting of thick platelets, a severely 
reduced and no longer functional primary carapace, the lack of marginal plates, costal plates no 
longer fused to neural plates, humeri show a strong distal retreat of the lateral process. 
Comments: Differences in the humerus and platelet morphology, and differences in the extent 
of the reduction of the primary carapace are used to distinguish between Psephophorus species. 
Details are given in discussions below. 
Psephophorus terrypratchetti Kohler, 1995b 
Etymology: Named after the British novelist Terry Pratchett. 
Synonymy: 
Psephophorus sp. Kohler, 1993 
Dermochelys sp. Marshall, 1994 
Psephophorus sp. Kohler, 1995a 
Material: The holotype (OU 22177; FRN J40/fl 81) consists of a large platelet field, two almost 
complete anterior ribs, four anterior thoracic vertebrae, a thoracic neural arch, the proximal half 
of a first rib and fragments of ribs, vertebrae and many isolated platelets. 
Type locality: The material was found in 1991 by R. E. Fordyce in the south branch of the 
Waihao River near Waimate in South Canterbury, New Zealand. The big block containing the 
specimen was not found in situ, but at the downstream end of a meander-cut outcrop near 
Waihao Downs Homestead, (outcrop 14, grid reference J40 (1984): 448004, also marked on 
appendix K). 
Horizon and age: The matrix, colour and texture of the block containing OU 22177 clearly 
indicated that it derived from the turtle horizon in the nearby outcrop. The turtle horizon is in 
the middle (presumably late Lutetian) part of the Eocene Waihao Greensand (see Fig. 19). 
Molluscs found during preparation, e.g. Galeodea modesta (Suter, 1917), indicate a Bortonian 
age. The molluscan fauna from a shell-bed immediately below the turtle horizon at the find 
locality (see Maxwell, 1992: 38 for a summary) confirms a Bortonian age. The Bortonian 
spans the interval between 45 to 41 million years; it is regarded here to equal a time interval 
from the middle Lutetian Stage to the early Bartonian Stage (see also discussion of age in the 
Waihao Greensand chapter). The matrix yielded no foraminifera for further age confirmation. 
Definition: Psephophorus terrypratchetti differs from other species of Psephophorus in that it 
shows a smooth secondary armour without sculpturing or keels, and without any particular 
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arrangement of the platelets. It has free ribs with the costal plate-remnant extending proximally 
above the rib-head, but not fused to still present, reduced neural plates. The dorsal face of the 
ribs show sharp proximal-distal oriented keels (for detailed description and comments see 
below). 
Referred specimens: 
OU 22176, OU 22215, OU 22258, OU 22021 and OU 22219. 
Comments: These additional specimens of Psephophorus are included provisionally in P. 
terrypratchetti because they were found in the same formation (except OU 22021), and because 
there is no evidence for more than one species of Psephophorus in the New Zealand Eocene. A 
fossil limpet Osteopelta sp. cf mirabilis Marshall, 1987 (OU 41112) was found with the 
holotype and described by Marshall (1994: 2-3). 
GENERAL DESCRIPTION OF PSEPHOPHORUS TERRYPRATCHETTIKOHLER, 1995b 
(OU 22177) 
I formally introduced this new species in a paper published by the Royal Society of New 
Zealand in 1995. 
During the preparation process of OU 22177 numerous isolated platelets were found in the 
matrix (more on the internal side of the platelet field than on the external side). Seventy-two 
platelets were subsequently removed to allow access to the more important ribs and vertebrae 
which were all found in a small area. The very large block (approximately 400 kg) was 
separated into three parts during preparation. The following descriptions deal with these blocks 
separately. The specimen shows many joints, which were filled with brown polyester resin or 
glued with 'superglue'. There was no acid used on OU 22177. 
The biggest block of OU 22177 shows on one side a field with at least 131 interconnected 
platelets and 21 isolated platelets (Fig. 25). The platelets have no obvious sculpturing on their 
external side. The smallest platelet in the platelet field is 14 to 18 mm wide; the largest 43 to 
52 mm, the average size is 25 to 25 mm. The thickness, which is not dependent on the size of 
the platelets, is 10 to 12 mm. Some of the platelets show incised corners. Due to post mortem 
distortion the platelet field is faintly undulating with the platelets separated from each other by 
gaps of 1 to 2 mm. Near an intersection of three platelets is a matrix filled groove which is 
almost entirely situated in one platelet, and 9 to 12 mm wide. Another groove like this (see 
lower right part of Fig. 25) is 78 mm long, between 8 to 12 mm wide and surrounded by six 
platelets. Those grooves are secondary structures; the platelets around the grooves are not 
arranged in a certain way and their appearance suggests that they were inflicted by scavengers 



















FIGURE 25 P. terrypratchetti (OU 22177). Partially prepared platelet armour of the holotype, 
view on external side. 
When viewed from the internal side, the here more completely prepared platelet field is 780 mm 
long and 240 mm wide, with 218 platelets, of which the largest is 38 to 41 mm and the smallest 
l 4 to 19 mm across. The platelets are also closer together, with gaps of only 0.25 mm and 
show a random arrangement of minute hummocky structures. There are an additional 91 
iso lated platelets in the matrix on this side. 
The internal-external orientation of the platelets can readily be observed on a polished section at 
the border of the platelet field, which shows a gradual change from a more porous internal, 
secondary bone (Haversian bone) towards a denser external bone (primary bone). However it 
can not be told whether the platelet field formed part of the dorsal or ventral armour of the 
animal. The platelets show small hummocky structures on the internal side, but they do not 
have any repeated ornament. 
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FIGURE 26 P. terrypratchetti (OU 22177). Second and fourth thoracic vertebrae of the holotype. (Drawing after photos). 
Upper left: lateral view of the second thoracic vertebra. Lower left: oblique dorsal view of the second thoracic vertebra. 
Upper right: lateral view of the fourth thoracic vertebra. Lower right: ventral view of the fourth thoracic vertebra. 
n = neural wall; nc = neural canal; nf = nerve foramen; rf = rib facet; zf = zygapophysial facet 
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A first thoracic vertebra, still resting on the internal side of the platelet field, measures 63 mm 
along its ventral keel and 73 mm dorsally. The least dorsoventral height, halfway along the 
vertebra, is 44 mm. Its posterior articulation surface is flat, with a vertical height (ventral edge 
to floor of neural canal) of 35 mm; the anterior articulation surface is concave, 29 mm high and 
26 mm wide. The slightly convex articulation facet for the first rib is 20 mm long and inclined 
antero-ventrally. A neural arch is not preserved. 
A second thoracic vertebra (OU 22177-115), which was removed from the internal side of the 
platelet field, has an antero-posterior length of 100 mm (Fig. 26) and a planar and slightly pitted 
posterior articulation surface with a dorsoventral height (ventral edge to floor of neural canal) of 
39 mm and a maximum width of 45 mm. Its ventral border is rounded but changes into a sharp 
ventral ridge towards the middle of the vertebra, to become rounded again at the anterior 
articulation surface. Viewed laterally this ridge is slightly S-shaped. The angle, enclosed by 
the lateral sides of the vertebra at its posterior end is 57 degrees. 
The posterior articulation surface ends dorsally with straight edges, each starting at the widest 
point of the neural canal and running ventral-laterally. Anterior to the better preserved right 
edge, a 22 to 31 mm large rib articulation facet inclines anteriorly. Anteromedially to this facet 
is a small (11 to 14 mm wide) facet for the intervertebral neural arch . 
The neural canal has a lateral width of 16 mm (posterior end) to rapidly narrow towards the 
middle of the vertebra. It is not closed dorsally but bordered laterally by thin, dorsal projected 
neural walls. Slightly more towards the anterior part of the vertebra, incomplete 10 mm wide 
nerve foramina open in these neural walls. The distance from the ventral border of the foramina 
to the ventral ridge of the vertebra is 38 mm. The lateral width of the vertebral body shows a 
minimum of 27 mm at the level of those foramina. Anterior to the foramina the neural canal 
widens again to reach a lateral diameter of 18 mm at its anterior end. 
The anterior articulation surface is slightly pitted and somewhat concave. Its dorsoventral 
height is 33 mm; its maximum lateral width, 9 mm ventral from the neural canal is 38 mm. The 
lateral sides of the vertebra meet at an angle of 81 degrees at its anterior end. The anterior 
articulation surface ends dorsally along curved edges which begin ventral to the widest point of 
the neural canal. Posterior to those edges are posteriorly inclined, 19 to 33 mm wide rib 
articulation facets. Posteromedially to those facets are 17 to 27 mm wide neural arch facets. 
A badly preserved third thoracic vertebra (112 mm long) is still resting on the internal face of 
the largest platelet field. It shows a concave lateral side and a total dorsoventral height at the 
anterior and posterior ends of 59 and 63 mm. The rib articulation facets are poorly preserved, 
slightly convex and between 25 and 27 mm long. The least dorsoventral height is in the middle 
of the vertebra with 41 mm. Its lateral width could not be measured because it rests tight on the 
platelet field, causing it to bulge outwards. 
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A 110 mm long fourth thoracic vertebra (OU 22177-38, Fig. 26) shows a slightly pitted, 
almost planar and 41 mm high anterior articulation surf ace. From the rounded ventral corner its 
lateral borders spread with an angle of 64 degrees dorsally to change to a more posterior 
direction at the intersection with the rib articulation facets at 36 mm vertical height. Between the 
rib facets and the anterior articulation facet are straight, ventro-laterally running borders. The 
rib facets are 19 to 30 mm wide, inclined posteriorly and convex. Posteromedially to those 
facets are 16 to 22 mm wide, flat neural arch facets. 
The neural canal is 15 mm wide at its anterior border, but narrows towards the middle of the 
vertebra. It is dorsally open and shows in the middle of the vertebra thin, dorsally directed 
neural walls, which reach further dorsal than the rib articulation facets. At about half length of 
the vertebra these walls are perforated by 9 to 14 mm wide foramina. At the level of those 
nerve foramina the vertebral body has a minimum lateral width of 29 mm at its dorsal 
shoulders. The neural walls are set back from the shoulders of the vertebral body and are 
12 mm apart from each other. Posteriorly to the foramina the vertebra widens again to reach a 
maximum posterior width of 57 mm at the rib articulation facets. 
The 41 mm high ( ventral edge to floor of neural canal) posterior articulation surface is slightly 
pitted and shows a small indentation just dorsal to its centre. The angle between its lateral 
borders is 65 degrees. Between the rib facets and the posterior articulation facet are straight 
ventral-laterally running edges. The rib articulation facets are 18 to 29 mm wide, inclined 
anteriorly and convex. Anteromedially to these facets are 14 to 25 mm wide, flat neural arch 
facets. The anterior neural arch facets are more inclined than the posterior neural arch facets. 
The neural canal is 20 mm wide on the posterior border of the vertebra. 
Viewed laterally the ventral edge, which is very sharp but becomes more rounded towards the 
anterior and posterior border of the vertebra, forms a slightly vaulted line. The lateral sides of 
the vertebra are concave. 
OU 22177-25 (Fig. 27) is a neural arch fragment from the thoracic column with a 23 mm thick 
and almost square 51 mm wide base, which carries a convex rib articulation process on each 
side. Dorsal to this base extends a 8 mm thick neural spine, which is fused to a thin (about 
5 mm) flat neural plate. The neural spine supports the neural plate on its complete preserved 


















FIGURE 27 P. terrypratchetti (OU 22177-25). Lateral view of a neural arch fragment with 
fused neural plate. The accompanying sketch shows the location of OU 22177-25 (shaded) in 
the thoracic column (lateral view). 
A 50 mm long fragment (neck and head) of the small first right rib (OU 22177-24, Fig. 28) 
was found near the second and third ribs. Its ovoid articulation surface (21 to 28 mm wide) 
shows a strong ridge along its longer, horizontal axis, separating the shallow concave and 
slightly smaller ventral facet, which inserts on the vertebral body, from an equally concave 
dorsal facet inserting on the neural arch. Distal to the facets the rib constricts sharply to a 7 to 





FIGURE 28 P. terrypratchetti (OU 22177-24). Proximal part (head and neck) of first right rib 
of the holotype. 
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An almost completely preserved second, right rib (OU 22177-55, Fig. 29 a, c) was removed 
from the internal side of the platelet field, close to the thoracic vertebrae. It is 475 mm long 
(measured along its dorsal curvature) with the head showing an antero-posterior length of 
42 mm and a width of 26 mm. A far larger and more concave dorsal facet is separated from the 
ventral facet by an antero-posterior directed edge. From the articulation facets of the head, the 
neck, which is more convex on its dorsal side, narrows to an antero-posterior length of 26 mm 
and a width of 14 mm, 26 mm distal to the head. 
At the start of the wide and flat rib-sword [the term rib-sword is used here for a sword shaped 
rib with its fused costal plate] two very thin dorsal ridges run distally for about 140 mm. Those 
ridges are 4 mm apart from each other and situated on the posterior third of the rib. It is 
possible that those two ridges were part of just one, hollow ridge, but this cannot be verified 
due to breakage and obliterating matrix. The dorsal ridge(s) is not situated above the thickest 
part of the rib-sword, but posterior to it. At the antero-proximal end of the rib-sword, some 
smaller antero-laterally directed ridges are preserved. The dorsal surface of the rib-sword curls 
dorso-laterally at its antero-proximal end to form an elongate, concave area. 
The rib is widest at a distance of 81 mm (measured along the dorsal curvature) from its 
proximal end. This width of 65 mm is a minimum width, because the less than 1 mm thick 
anterior and posterior edges of the rib-sword are incomplete. The rib has its minimum 
dorsoventral thickness of 8 mm at the end of the main dorsal ridge, 222 mm distant from its 
proximal end (measured along the curvature). At this point the rib is 43 mm wide (minimum), 
slightly bent anteriorly and still shows a faint concavity on its anterior part. Distal to this point, 
the rib is increasingly convex, and thickens to an almost oval cross-section at its distal end, 
with the longer (18 mm) axis of the oval directed dorsoventrally. This distal dorsal convexity is 
located on the anterior half of the rib-sword, showing a gently sloping anterior angle and an 
almost vertical (on its distal part) posterior border. When viewed from posterior the rib shows 
that the flat, thin rib-sword levels the ventral surface of the rib, the distal convexity is placed on 
the dorsal side. The rib as a whole has a straight middle section and ventrally inclined proximal 
and distal parts. The ventral side of the rib has no ridges; it is smooth and convex antero-
posteriorly with the convexity increasing towards its distal end where the rib narrows. Viewed 
from dorsal the rib shows a straight proximal half to slightly bent anteriorly in its distal half, 
with the most distal part becoming straight again. 
A third right rib (OU 22177-35) is preserved from the articulation surface of the head to its 
broken, distal end (Fig. 29 b, d) with some minor parts near the head and neck missing. Its 
preserved length is 475 mm (measured along the dorsal curvature). The almost oval (21 to 
42 mm) articulation surface is damaged but still shows a smaller ventral facet and a concave 
dorsal facet, which is more than twice as wide. The damaged neck has a minimum 
dorsoventral diameter of 11 mm. Twenty-two millimeters distal from the articulation surface, 

























FIGURE 29 P. terrypratchetti (OU 22177). Second and third right ribs of the holotype. (Drawing after photos). 
a: posterior view of second right rib b: posterior view of third right rib 
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The proximal dorsal side of the rib-sword shows a ridge which is situated almost directly above 
the thickest part of the rib. This ridge starts at 34 mm from the proximal end and is subdivided 
into four very thin vertical ridges (3 mm apart from each other) which join each other at about 
94 mm distance from the proximal end to form one single, less than 3 mm thick and 9 mm high 
ridge. This ridge is, due to its thinness, not completely preserved. The four ridges at the 
proximal end could have been part of one, hollow ridge. The regions anterior and posterior to 
the central ridge show small additional keels directed distal-laterally. The anterior and posterior 
surfaces of the rib-sword, neighbouring the ridge, change from slightly convex, at the proximal 
end, to flat towards the distal end. The widest preserved part of the rib-sword is 63 mm distal 
from the proximal end and shows a width of 72 mm. Its anterior and posterior borders are very 
thin and damaged. Two-hundred and ninety millimeters away from the proximal end the rib 
shows its minimum thickness with 10 mm, measured including the central dorsal convexity; it 
also starts to bend ventrally here. As the width decreases distally, the thickness of the rib 
increases so that at the distal end the cross-section of the rib is almost triangular with 15 mm 
dorsoventral height and an antero-posterior width, at the ventral side of the 'triangle', of 
16 mm. Viewed from posterior the rib strongly bends at the head to change into an almost 
straight middle part with the distal end slightly arched ventrally. Seen from dorsal the rib 
appears almost straight, only the distal 66 mm are bent slightly posteriorly. The ventral side of 
the rib is antero-posteriorly convex and not sculptured. 
A 110 mm long, distal part of a rib (OU 22177-22) with a convex ventral side ending in very 
thin edges and a dorsoventral diameter at its distal end of 9 mm. 
A rib fragment (OU 22177-34), 190 mm long, curved, convex on its ventral side and broken 
close to the neck, was found near the other ribs. The dorsoventral thickness along the midline 
of the rib-sword is 7 to 8 mm. 
The second biggest block shows 117 isolated platelets and four platelet fields with 6, 41, 67 
and 6 platelets still connected to each other. None of these platelet fields has any sculpturing. 
Most of the platelets show the same orientation (external side/ internal side) as the platelets in 
the other two pieces, i.e. their external side faces away from the horizon in which the rib 
material and vertebrae were found. It cannot be determined whether these platelets derived 
from the ventral or the dorsal armour of the animal because the block was not found in situ. 
None of the platelets show any sculpturing and there are no keels. A 80 mm long element, 
















The smallest block, which was not completely prepared, shows 32 single platelets and a flat 
bone fragment (OU 22177-71) (86 to 122 mm wide, 6 to 8 mm thick) which could possibly be 
a fragmentary medial process of a pubis. Other possible identifications are a fragment of the 
nuchale or a fragment of the skull-roof. 
DISCUSSION OF THE HOLOTYPE FOR PSEPHOPHORUS TERRYPRATCHEITI 
The secondary platelet armour, the unfused ribs, the morphology of the free thoracic vertebrae, 
and the dysfunctional neural plate (OU 22177-25) clearly indicate a placement in the 
Dermochelyidae. The thickness, size and lack of ornament of the platelets further indicate a 
placement in the genus Psephophorus; no other Tertiary turtles show this particular anatomy 
(the platelets of the monotypic dermochelyid Cosmochelys are heavily sculptured). 
Thin-sections made from isolated platelets strongly support the identification as genus 
Psephophorus (see page 168). 
The secondary armour of P. terrypratchetti does not show any keels or other organised 
sculpturing. This lack of ornament indicates that it is not conspecific with: 
-P. polygonus Meyer, 1847, which shows a small but distinctive keel (own observations on a 
photo of a holotype fragment, courtesy of S. Hock, Naturkundemuseum, Vienna) and 
which had also been described and figured by Seeley (1880) as displaying a keel. 
Psephophorus pseudostracion (Gervais, 1849), here included in the species P. polygonus, 
was described (Gervais, 1872) as showing a row of large platelets slightly thickened in a 
faint longitudinal convexity. Psephophorus scaldii (Beneden, 1871) which I likewise 
regard as a subjective junior synonym of P. polygonus, also shows keels on its carapace 
(see review of Psephophorus species on page 91). 
-P. calvertensis Palmer, 1909 was described from a carapace fragment with a prominent keel 
and several minor keels parallel to it, an observation supported by additional material 
which I could examine in USNM and CMM. 
-P. (?) oregonensis Packard, 1940 is known from a skull (holotype) and a small fragment of 
secondary armour which carries a keel. 
-P. eocaenus Andrews, 1901 is known from five partial left humeri and from a carapace 
fragment with keels, which was found by R. C. Wood at the type locality. I could verify 
the existence of keels on a photo, courtesy of R. C. Wood. 
The absence of keels in P. terrypratchetti appears taxonomically significant. The absence 
cannot be explained by incomplete preservation, or by some peculiar fossilisation which would 
only preserve the platelet fields between ridges (inter-ridge fields). All examined Psephophorus 
species other than P. terrypratchetti show inter-ridge fields which are between one and six 
platelets wide (see Table 6 on page 156). The largest platelet field preserved of P. 
ter0pratchetti shows a minimum width of 9 platelets and, perpendicular to it, 16 platelets. 
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This led to the conclusion that keels were not present because an inter-ridge area of nine or 
more unkeeled platelets is most unlikely to have occurred in P. terrypratchetti. Furthermore 
additional Psephophorus specimens from the New Zealand Eocene, which were included into 
the species P. terrypratchetti (see discussion below), contain numerous armour fragments, 
without even one single keeled platelet. 
Of all the Psephophorus species, only P. rupeliensis sensu Dollo is known to have a limited 
occurrence of ridge platelets on parts of its carapace. However, most of its carapace is built by 
very large unkeeled platelets which carry a distinct ornament of fine radiating ridges and 
grooves interconnected across the platelets (see species discussion on page 111). Such a 
pattern is not present in P. terrypratchetti. A further difference can be observed in the linear 
arrangement of larger platelets in P. rupeliensis, which does also not exist in P. terrypratchetti. 
Skeletal elements of P. terrypratchetti compared with D. coriacea 
The neural arches of the thoracic vertebrae of turtles are generally, as a result of anterior 
displacement, located intercentrally, which explains the intercentral articulation of the ribs. The 
square base of the neural arch (OU 22177-25) and its anteriorly and posteriorly directed, 
vertical, thin neural walls form the neural arch proper. The median, dorsally-directed process is 
the neural spine which carries on its dorsal border a tightly fused rudimentary neural plate. 
In the extant relative of Psephophorus, D. coriacea, the ribs are not situated exactly 
intercentrally, but are inserted slightly more on the posterior vertebrae (Volker, 1913: 443-444, 
and own observations). Assuming that Psephophorus showed the same tendency, the 
vertebrae of P. terrypratchetti were oriented with the larger rib facets facing anteriorly. This 
showed that the neural arch foramina are located slightly more anteriorly, a circumstance which 
was also used for correct orientation. 
Because only the first thoracic vertebra carries a concave anterior articulation surface in D. 
coriacea, I regard a similar shaped thoracic vertebra in OU 22177 to be the first. The third 
thoracic vertebra is the largest in D. coriacea, therefore I assumed the largest vertebra of OU 
22177 to be the third. Also in D. coriacea the size of the thoracic vertebrae posterior to the third 
vertebra does not decline as fast as anterior to it, which is why I arranged the next smaller 
vertebra posterior to it. Above all, the main indicator for the successive arrangement of the 
vertebrae found in OU 22177 was their location in the block; all were discovered in a small area 
close to each other. 
The identity of the rib material was also established with Volker's (1913) description of the ribs 
in D. coriacea, and with studies of material in the Natural History Museum (London) and in the 


















followed by a large second rib in which the distal end points anteriorly. The third to ninth ribs 
are successively smaller and directed more posteriorly. The tenth rib is again very small. This 
allowed me to designate the ribs of OU 22277 as the first right rib, the second right rib and the 
third right rib. These three ribs, together with the anterior vertebrae, were found in a small area 
of OU 22177, reinforcing their inferred position within the animal, as deduced from from 
comparisons with the anatomy of Dennochelys coriacea. 
anterior 
posterior 
FIGURE 30 Ventral view of thoracic vertebrae and ribs of a dermochelyid turtle (D. coriacea) 
based on Volker (1913: fig. A), with elements known from the holotype for P. terrypratchetti 
( 0 U 22177) indicated in grey. 
Inferred body mass and size of P; terrypratchetti 
Presuming that the ribs and vertebrae are identified correctly, it is possible to estimate the size 
of the holotype, OU 22177. The D. coriacea described by Volker was an immature female of 
I 
1.5 m total length (straight). Based on Volker (1913: 443; plate 30, fig. 1), the first thoracic 
I 
vertebra is 45 mm long with a deep articulation concavity at its anterior end; the second vertebra 
is 78 mm long, the third is the longest '«ith 84 mm, and the fourth is shorter again. The length 
66 
of the ribs in D. coriacea, according to Volker (1913: 445; plate 30 fig. 1 ), is as follows 
(measured in a straight line): the first rib is very small about 110 mm long, and the second and 
third ribs are both 290 mm long. See also Table 1 on page 67 which compares the sizes of 
different elements of OU 22177 with elements of D. coriacea. 
The difference in size between D. coriacea and P. terrypratchetti shows factors from 1.3 
(second vertebra) to 1.5 (second rib), which leads to a total length (straight) of 2.0 to 2.3 m for 
OU 22177. 
A body length for OU 22177 can also be calculated using the width to length ratio of the 
complete specimen of Volker (width is about two times the length of the second rib plus the 
lateral width of the vertebra). This leads to a width of 93 cm and a total body length of 2.4 m 
for OU 22177. Because the ribs are incomplete, a size estimate of 2.3 to 2.5 m body length for 
the holotype specimen of P. terrypratchetti (OU 22177) is most probable. A length of about 
180 cm (straight) for the carapace can be calculated in the same way. 
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FIGURE 31 Graph showing carapace length (straight) to body weight ratio in extant D. 
coriacea, correlated to the calculated carapace length for the holotype for P. terrypratchetti 
(specimen OU 22177). Data after Frair et al. (1972), Greer et al. (1973), and Engbring et al. 
( 1992). 
The body mass for the extant D. coriacea can reportedly reach more than 900 kg in fully grown 
adult animals (Paladino et al., 1990). Frair et al. ( 1972) cited two animals with a body mass of 
417 kg (157 cm carapace length), and 134 kg (124 cm carapace length); Engbring et al. (1992) 
gave a body mass of 450 kg for a turtle with a carapace length of 150 cm, and Greer et al. 
( 1973) gave a body mass of 284 kg for an animal with a carapace length of 137 cm. The 




















points towards an animal with a body mass near the 580 kg mark. Because P. terrypratchetti 
possessed an armour built by thick platelets, its body mass was probably somewhat higher. 
TABLE 1 Comparison of elements from the holotype of P. terrypratchetti (OU 22177) (ribs 
measured in a straight line) with D. coriacea (data from Volker, 1913). All measurements from 
point to point in millimeters ( +/- 1 mm), + indicates a minimum measurement. 
location of ribs length of thoracic vertebrae in length of ribs in millimeters 
or vertebrae millimeters 
first 45 63 110 -
second 78 100 290 434+ 
third 84 112 290 436+ 
fourth 78 110 - -
Taxon D. coriacea P. terrypratchetti D. coriacea P. terrypratchetti 
measurements Volker (1913) OU 22177 Volker (1913) OU 22177 from: 
DESCRIPTION AND DISCUSSION OF FURTHER FOSSIL DERMOCHEL YIDS FROM 
NEWZEALAND 
If not otherwise stated, the New Zealand dermochelyid material described and discussed on 
the following pages is regarded as conspecific to Psephophorus terrypratchetti because it is 
similar in all respects, has the same age, and there is no evidence for more than one species of 
Psephophorus in the New Zealand Eocene. 
P. terrypratchetti OU 22176 (FRN J40/f205 ) 
Material: A minimum of 45 single platelets, five small platelet fields, a very poorly preserved 
centrum of a fourth cervical, and unidentified bone fragments. There are no keels or 
sculpturing on any platelets. 
Location: In the Waihao riverbed (south branch) at the downstream end of a meander cut 
outcrop near the Waihao Downs Homestead, South Canterbury. The block was found not in 
situ near OU 22177; its lithology indicates that it derived from the nearby exposed turtle 
horizon. Grid reference J40 (1984 ): 448004. 
Horizon: Turtle horizon in the middle part of the Waihao Greensand. 
Ag:e: Bortonian (late Lutetian). The matrix did not contain foraminifera, but a gastropod, 
F ascioplex neozelanica (Suter, 1917), indicating a Bortonian age, was found. 
Found: 7 April 1991 by S. Maxwell. 
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Descriptions: The material is very badly preserved; the bone is very soft and porous and proved 
difficult to prepare. Attempted acid preparation further softened the bone and made preparation 
with air scribes impossible. The original block was separated into smaller fragments which are 
in the following described separately. 
•OU 22 I 76-1 has two, 10 to 13 mm thick platelet fields (80 to 160 and 95 to 200 mm across) 
which are parallel to each other, separated by a 2 to 7 mm wide sediment filled gap. 
•OU 22176-2 shows one 85 to 185 mm wide platelet field. The platelets also appear to be 10 to 
13 mm thick. On the same piece is a 55 to 100 mm wide and up to 19 mm thick bone 
fragment, which appears not to be composed of platelets. It shows, where it is damaged, a 
thin, dense outer layer of bone above a very porous centre. 
•OU 22176-3 shows a platelet field which is 80 to 110 mm wide and 10 mm thick. 
•OU 22176-4 shows a 75 to 129 mm wide and 10 mm thick platelet field. 
•OU 22176-5 is an agglomerate of six platelets and a very poorly preserved, 67 mm long and 
48 mm wide (dorsal measurements) biconvex centrum of a fourth cervical vertebra. Viewed 
ventrally it shows a round, antero-posteriorly directed saddle. It also shows remnants of a 
neural canal on its dorsal side. The same cluster further contains an almost square 78 to 90 
mm wide and up to 20 mm thick, massive piece of bone which could not be positively 
identified. 
•OU 2217 6-6 shows an agglomerate of at least 22 platelets which are not in contact with each 
other. 
•OU 22176-7 is an agglomerate of at least six platelets and seven unidentified bone fragments 
which are between 11 and 15 mm thick. 
Discussion: 
Despite the bad preservation of OU 22176 an identification as Psephophorus is possible due to 
the thickness and size of the platelets. Thin-sections (see page 168) made of some platelets 
further support the Psephophorus identity of OU 22176. Because there is no evidence for more 
than one species of P sephophorus in the Waihao Greensand I regard OU 2217 6 as conspecific 
with P. terrypratchetti. 
A specimen of Psephophorus sp. in the Brussels Museum (LG. 8516, collected 1902) contains 
six cervical vertebrae, including a damaged fourth cervical which, nevertheless clearly shows a 
biconvex centrum. Williams (1950: 525) also stated that only the cervical number four has a 
biconvex centrum in the extant relative of Psephophorus, D. coriacea. By assuming that the 
New Zealand derrnochelyids show the same cervical articulation pattern as D. coriacea and 
Psephophorus sp., OU 22176-5 was identified as a fourth cervical. 
The more massive bone fragments (OU 22176-7, OU 22176-5, OU 22176-2) could possibly 
















Psephophorus terrypratchetti OU 22215 (FRN J40/f207) 
Material: A small, almost square platelet field . 
Location: Found as float in the Waihao River (south branch) near an old railway cutting, about 
600 m north-west of Waihao Downs Homestead, South Canterbury. Grid reference J40 
( 1984): 446002. 
Horizon: Upper part of the Waihao Greensand. 
Age: Probably Bortonian (middle Lutetian to early Bartonian). The fossil was extracted from a 
very small block which matrix did not contain foraminifera. Because there is no Kaiatan 
Waihao Greensand at the find locality or further upstream, I regard a Bortonian age as very 
likely. 
Found: 1992 by P.A. Maxwell. 
Description: The dermal armour fragment is almost square in outline with sides between 94 and 
I 09 mm long (Fig. 32). The fragment is only slightly vaulted and 10 to 12 mm thick. The 
scarcely convex external side of the armour-fragment shows an arrangement of 23 more or less 
complete, unsculptured polygonal platelets which are separated by small grooves due to post-
mortem separation. The biggest platelet is at least 49 mm long and between 8 and 30 mm wide. 
The smallest platelet is 20 to 21 mm wide and displays five sides. Almost all platelets show 
incised corners. The internal side of the fragment reveals only in a few places the sutures 
between the platelets, it appears more roughened than the external side. The 2 to 3 mm wide 
and strongly zig-zagged sutures between the platelets can be seen in cross-section along a 
polished edge of the specimen. 
Discussion: 
The similarity of OU 22215 to other platelet fields from the Waihao Greensand is marked. I 
have no doubt that this fragment derived from the secondary armour of Psephophorus. The 
slightly smaller thickness of the platelets can have different explanations. 
A) It could indicate that OU 22215 formed part of the ventral armour. 
B) It could derive from a more juvenile animal. 
C) It could be part of a thinner, lateral area of the dorsal armour. 
Like other platelet fields from the Waihao Greensand it shows the same smooth external side, 
and is therefore regarded as conspecific with P. terrypratchetti. 
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FIGURE 32 P. terrypratchetti (OU 22215). Sketch of external side of platelet armour. 
Psephoplzorus terrypratchetti OU 22258 (FRN J40/f206E) 
Material: Three suturally united platelets, fragments of a platelet, and a small fragment of a very 
porous bone. 
Location: Found as float in the Waihao River approximately 1.5 km downstream of Waihao 
Forks, South Canterbury. Grid reference J40 (1984): 477999. 
Horizon: Probably from the part of the Waihao Greensand between the turtle horizon and the 
phosphatic band. 
A~e: Bortonian (middle Lutetian to early Bartonian). The matrix held np foraminifera; all 
evidence for age is the location of the find near a prominent outcrop of Waihao Greensand, 
which shows a similar glauconitic lithology in its Bortonian part. 
Found: 15 December 1993 by R. Kohler. 
Descriptions: Three connected platelets with a thickness of 23 mm and a width of about 25 mm 
each, and an isolated and very small platelet fragment. The platelets show a smooth external 















A further bone fragment is very porous and does not show a distinct boundary to the 
surrounding matrix; it is too porous to be identified as a platelet fragment. OU 22258 was cut 
into two pieces for thin-sections (descriptions on page 168). 
Discussion: 
The platelets are identical in size and shape to other Psephophorus platelets (OU 22219) from a 
near locality; thin-sections demonstrate their dermochelyid character. 
Psephophorus terrypratchetti OU 22219 (FRN J40/fl 87) 
Material: A large platelet field, a cervical fragment, a partial nuchale, fragments of ?scapular 
bones, one element of the hyoid apparatus (?cornua branchialia) and a few isolated platelets. 
Location: Found in situ at rapids formed by the concretionary turtle horizon in the lower 
Waihao River, approximately 1 km downstream from Waihao Forks, South Canterbury. Grid 
reference J 40 (1984): 475000. Figure 11 shows OU 22219 before its recovery from the field. 
Horizon: Turtle horizon in the middle part of the Waihao Greensand. 
Age: Middle B01tonian (late Lutetian). Foraminifera could not be extracted from the 
surrounding matrix, but because the fossil was found in situ, its age could be based on the 
stratigraphy of the Waihao Greensand (see also Fig. 19). 
Found: 3 August 1993 by R. E. Fordyce . 
Descriptions: OU 22219 was mostly prepared with -10 % formic acid. During the recovering 
and the initial preparation the block separated into more than 30 fragments, which were 
subsequently relocated and fixed to each other with polyester resin. So the specimen now 
shows a criss-cross pattern of polyester filled gaps and cracks. Thin-sections were made of 
three isolated platelets (see page 168). 
The specimen shows a big platelet field (360 to 650 mm across) containing more than 115 
platelets which are between 11 and 14 mm thick and slightly separated from each other due to 
post-mortem distortion (Fig. 33). The biggest platelet in this field is 34 to 54 mm across, the 
smallest 14 to 15 mm across. The average size is 25 to 25 mm. The platelets are smooth on 
their external side, and there are no ridges or other structures; their internal side shows a minute 
irregular sculpturing. An additional five single platelets were found in the surrounding matrix. 
A very fragmentary nuchale (OU 22219-1, Fig. 34 and 35) with a maximum measurable width 
of 220 mm, was recovered from amongst ?scapular bone fragments. Two anteriorly projected 
wings show on their ventral side a 12 mm high and 15 mm wide ridge which appears to have 
led way to antero-laterally projected spines. The ridges run close to the anterior border of the 
nuchale and converge with an angle of about 120 degrees. They show a convex anterior face 
and a slightly overhanging (concave) posterior face. The area posterior to the ridges is only 
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FIGURE 33 P. ten~ypratchetti (OU 22219). View on external side of platelet armour. Note the 
hyoid bone (cornua branchialia) in the lower right part of the picture. Scale x 0.27. 
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partially preserved on the left side; it expands towards the median part of the nuchale. The 
maximum total thickness of the nuchale, measured halfway along the left ridge, is 30 mm. 
Towards their intersection the ridges become lowered and almost disappear where they meet 
each other, thus leading to a total thickness of 20 mm at this point. Immediately anterior to the 
ridges the nuchale is 10 mm thick; it rapidly decreases in thickness to about 1 to 2 mm at its 
anterior border (at 12 to 15 mm distance). The median region posterior to the ridges is 15 to 
16 mm thick and runs out into thin ( 1 to 2 mm) lateral fields. The median-posterior part of the 
nuchale is missing, so the expected pedestal for the insertion with the neural spine of the eighth 
cervical vertebra cannot be observed. The posterior surface runs out into a thin ( 1 to 2 mm) 
edge; its thickness increases steadily to reach about 13 mm just posterior to the ridges. The 
dorsal surface of the nuchale is slightly concave from side to side and appears to have been 
smooth (the actual dorsal surface is only preserved in a small area). The ventral side shows, 
laterally to an imaginary vertical symmetry plane, a slight thickening posterior to the ridge 
intersection. This thickening of 15 to 16 mm spreads postero-laterally away from the ridge 
intersection. It cannot be said if it was a ridge, or if it was a thickened, wedge shaped area 




FIGURE 35 P. terrypratchetti (OU 22219-1 ). Ventral view of fragmentary nuchale. 
A very fragmentary partial neural arch of a cervical (OU 22219-2, Fig. 36) has a preserved 
length of 7 6 mm. Its width at the presumed posterior end is 61 mm, while the minimum width 
at about half length of the vertebra is 46 mm. 
Fragments of large, very porous bone, are thought, considering their size and the proximity of 





FIGURE 36 P. terrypratchetti (OU 22219-2). Fragment of a neural arch of a cervical vertebra, 
viewed ventrally. 
A hyoid fragment (Fig. 37) consisting of two incomplete, about 138 mm long, rod-like 
processes which meet in a slight angle of about 120 degrees, where the bone is 37 mm wide 
and 23 mm thick. Both processes are oval in cross-section and about 25 mm wide and 20 mm 
thick. The straight distance between the broken ends of the processes is 205 mm. 
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OU 22219 derived from the same horizon as OU 22177 and OU 22176. The two localities, 
which are 2.5 km apart from each other, can be linked stratigraphically (see section on Waihao 
Greensand). The well preserved, unkeeled platelet field and thin-sections through isolated 
platelets (see page 168) show that OU 22219 belongs to the genus Psephophorus. 
The partial neural arch of a cervical vertebra is very poorly preserved. It could only be 
recognised as such after comparison with cervicals of Chelonia mydas (Vt 641) and cervicals of 
D. coriacea (USNM 317689, BMNH no number). Its orientation and location within the 
cervical column could not be determined. 
OU 22219-1 can only be identified as a nuchale; an identification as a plastron element is not 
possible because the only known plastral bones of Psephophorus (fragments of P. rupeliensis, 
i.e. LG. 5441 Reg. 1654 3.G) show very reduced, rod-like plastral elements, similar to those 
in D. coriacea. The slight convexity of OU 22219-1 supports an identification as a nuchale. 
The only figured nuchale of Psephophorus is pictured in Weems (1988: 126, fig. 14D) and 
appears to show a wider angle between the anterior horns than OU 22219-1. The figure of 
Weems, as well as his description, lack detail (e.g. a scale), so a more thorough comparison 
was not possible. A nuchale known from P. ?rupeliensis (LG. 8638) is also very fragmentary, 
but the parts preserved ( central part with pedestal and flat facet for articulation with the cervical 
number eight, and a rounded anterior border) show great similarities to OU 22219-1. The 
I 
nuchale of D. coriacea is described (Volker, 1913: 480; Gervais, 1872: plate 3, fig. 12) as 
displaying, especially laterally, numerous spines and as being somewhat vaulted. OU 22219-1 
is also slightly vaulted, but only its two anterior ridges could have run out into lateral spines. 
Further comparisons with nuchale of D. coriacea in the Natural History Museum (London), the 
Smithsonian Institution in Washington and in the Museum national d'Histoire Naturelle in Paris 
showed that, despite some variation in the morphology of the lateral wings, the general shape 
of a modern dermochelyid nuchale only differs from Psephophorus in the pedestal for the 
articulation with the cervical, which is not surrounded by deep lateral insertions as in 
I 
Dennochelys. Also in Dermochelys the nuchale shows a small anterior directed process at its 
median border, unlike Psephophorus where the anterior border of the nuchale is smoothly 
rounded and concave from side to side. 
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The hyoid fragment was only identified as such, because there are no other bones in D. coriacea 
with this particular shape. Comparisons with descriptions by Gervais (1872: 207 and plate 5, 
fig. 2) and Nick (1913: 69 and plate 3, fig. 10) and the examination of a Dennochelys skeleton 
in the Museum national d'Histoire Naturelle in Paris (Fig. 38) showed that the only similar 
shaped bone in the entire animal is that of the cornua branchialia of the hyoid apparatus. This 
bone is large in Dennochelys (in proportion of about 1/ 12 of the complete body length) which 
leads to a calculated minimum total body length of about 2.4 rn for OU 22219. This calculated 
size for OU 22219 is supported by the size of the nuchale fragment 
(OU 22219-1). 
FIGURE 38 D. coriacea. The hyoicl apparatus with left cornua branchialia outlined in black. 

















Psephophorus terrypratchetti OU 22021 (FRN I44/f 183) 
Synonymy : 'large humerus' Fordyce, 1991. 
Material: A partial dermochelyid humerus. 
Location : Discovered in situ in a prominent outcrop on the north face of Boulder Hill near 
Dunedin, Otago. Grid reference I44 ( 1987 edition 2): 054873. 
Horizon: Burnside Mudstone (sensu Benson in Fleming, 1959: 59). 
Age: Middle Bortonian (late Lutetian). Due to the lack of sufficient foraminifera material, the 
age of the fossil was determined (McMillan 1993: l/89, A 7/5) using a rich dinoflagellate 
assemblage, with the key specimen of Wetzeliella hampdenensis Wilson, 1967 indicating a 
middle Bortonian age. 
Found: 1988 in two parts by S. G. McMillan and R. E. Fordyce; prepared by A. Grebneff. 
Description: 
This partial right turtle humerus (total length 247 mm) (Figs. 39 to 41) shows a fair 
preservation and no signs of diagenetic distortions; its shaft is damaged beneath the processus 
medialis due to breakage and the cutting for thin-sections. The dorsoventrally compressed 
humerus is broken just distal to the crista deltopectoralis. The proximal width, measured from 
the radial side of the caput humeri to the ulnar side of the processus medialis, is 150 mm. The 
roughly pitted, large and strongly convex, somewhat triangular caput humeri (dorsoventral 
diameter 103 mm; ulnar-radial diameter 78 mm) shows a distinct edge towards the shaft. The 
processus medialis, which is also roughly pitted, is only slightly wider than the shaft; there is 
no obvious ulnar crest on the processus medialis. From its massive proximal end the shaft 
constricts and flattens towards the crista deltopectoralis to an ulnar-radial width of 79 mm and a 
dorsoventral width of 49 mm. Ventrally at the proximal end between the bases of the caput 
humeri and the processus medialis is a shallow concavity, which is separated from the 
intertubercular fossa by a slight saddle. 
The intertubercular fossa reaches down to level the proximal end of the crista deltopectoralis, 
where it appears very deep, which is partially due to the grinding off of bone material during 
0 ~ the preparation process. The processus lateralis is partially missing, but its original voluminous 
size can be recognised from its ovoid base which shows a maximum diameter of 50 mm along 
an oblique ventral-distally inclined axis. Distal to the damaged processus lateralis the ulnar 
" 
~ ' n: 
.. 
border of the shaft is only preserved in a small area. 
A IO to 12 mm thick semicircular ridge, the base of the crista deltopectoralis, which is not 
separated into distinct fields, appears to have reached out onto the radial side of the incomplete 
processus lateral is; its ulnar part is di rected proximal, so that if the line of its direction were 
continued it would run along the interior border of the caput humeri . The dorsal side of the 
humerus shows on its proximal end a very ,shallow depression medially between the caput 
humeri and the processus medialis. On the dorsal surface at the broken distal end, is a small 
concavity visible, despite damage to this area. 
78 
FIGURE 39 P. terrypratchetti (OU 2202 l ). Dorsal view of humerus, proximal up [photo 
taken by R. E. Fordyce]. 
Discussion: 
Wieland ( 1900) showed that it is possible to group turtle humeri into six intergrading eco logical 
gro ups, fro m a typical terrestrial turtle humerus to a humerus of a fully oceanic turtle. 
Groups after Wieland 
most spec ialised land turtle humerus = 
general land and fresh water turtle humerus= 
brackish (more terrestrial features) turtle humerus= 
saltwater (ocean going) turtle humerus= 
strictly oceanic turtle humerus= 

































FIGURE 40 P. terrypratchetti (OU 2202 l). Ventral view of humerus, proximal up [photo 
taken by R. E. Fordyce]. 
Hay ( 1905: 153), in compressing Wieland's classification, only recognised three distinct types 
of turtle humeri out of Wieland's proposed six. Those three groups are terrestrial humeri 
(parachelic and chelic), intermediate humeri (chelicoid, thalassoid and thalassic) and the fully 
oceanic (parathalassic) humeri. According to Wieland (l 900: 42 l) and Hay ( 1905: 153-154) 
the main features of a parathalassic humerus are as follows: no dorsoventral curvature of the 
shaft and extreme retreat of the very prominent processus lateralis towards the distal end. This 
description fits OU 22021. 
Comparison of OU 22021 with other parathalassic humeri 
To establish the taxonomic position of OU 22021 I compared it with fossil parathalassic humeri 
described in publications and humeri from the collections of LACM, CMM, LG. and AMNH, 
as well as with humeri of the sole living representant of the parathalassic group D. coriacea . 
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FIGURE 41 P. terrypratchetti (OU 22021). Sketch of the humerus as seen from ventral. 
cd = crista deltopectoralis; ch = caput humeri, if= intertubercular fossa, pm = processus 
medialis. 
According to Volker's (I 913: 453-455) description of a sexually immature female D. coriacea, 
the humerus displays the following features: the mostly cartilageous caput humeri is greatly 
surmounted by the also mostly cartilageous processus medialis . The processus lateralis divides 
the humerus in two parts almost the same size. The canalis ectepicondyloideus is on its ventral 
side surrounded by cartilage. A comparison of Volker's description with the humerus of a 
Dermochelys from the collection of the Otago Museum [Vt 142] (Fig. 42) and with Dollo's 
( 1888: 79) description of a fully ossified humerus of Dermochelys shows that the cartilageous 
areas in Volker's specimen are due to immaturity of the animal. Comparisons with D. coriacea 
humeri show that OU 22021 is distinct in being more slender and not as strongly compressed 
dorsoventrally. Also, the ulnar part of the crista deltopectoralis is oriented in a distal direction 































FIGURE 42 D. coriacea (Vt 142). Ventral view ot' left ,. humerus of an adult individual, 
proximal up. Scale x 0.25. 
FIGURE 43 P. polygo_nus (['. scaldii) (I.G. Ht. R 155. Ventral view of left holotype 
humerus from the Miocene near Antwerp, Belgium, proximal up . Scale x 0.25 . 
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For those fossil turtles reported from humeri, Wieland ( 1900: 421 ) cites Psephophorus scaldii 
as a foss il member of the parathalassic group [Psephophorus scaldii is regarded here as a 
subj ective junior synonym for P. polygonus, see page 96 for a di scuss ion]. Acco rding to 
Dolio ( 1888: 75) P. scaldii is known from a Miocene humerus (LG. Ht. R 15) and Pliocene 
fragments which do not include humerus material. This humerus of P. scaldii (Fig. 43) has a 
more stout appearance between its proximal end and the crista deltopectoralis wh ich is in itself 
subdi vided into distinct knobs, unlike OU 22021. 
The holotype for Psephophorus eocaenus Andrews, 190 l is an incomplete left humerus which 
was desc ribed as parathal ass ic by Andrews ( 1901: 440). T he figure g iven by Andrews ( 190 I: 
44 1) is very poo r and does not show many features, but hi s descriptions (Andrews , 190 I: 440, 
44 1 and 1906: 276) are detailed. I examined a plaster cast of the ho lotype in the Natural 
I-:[i sto ry M useum in London (BMNH R 30 17) and realised that it is much worn (Fig. 44). 
FIGURE 44 P. eocaenus (BMNH R 3017). Ventral view of cast of holotype humerus from 
the Priabonian north of Birket-el-Qururn, Fayum, Egypt, proximal up. Scale x 0.5 . 
The deta il ed description by Andrews seems to be quite optimistic, but the ori g inal spec imen 
may show some features better than the cas t. Nevertheless, the bas ic features, like the 
ori en tati on of the deltopectoral crest, can be readil y observed. The description of the humerus 

























Psephophorus scaldii and the radial crest [= lateral process] more oblique." In his second 
publication on P. eocaenus ( 1906: 276) Andrews described it further as: 
The whole body is strongly compressed dorsi-ventrally. The head so far as preserved, is 
strongly convex and somewhat triangular in outline. The ulnar crest projects further 
beyond the head than in Psephophorus scaldii or in Sphargis [= Dermochelys]. Between 
the anterior thickening, which terminates on the head, and the posterior border the surface 
of the shaft is concave on the upper and lower faces of the bone, but the ventral concavity 
is deepest. The part of the bone above the radial process [lateral process] is considerably 
more elongated in proportion to its width than in Psephophorus scaldii and still more than 
in Sphargis [ = Dermochelys]. The radial prominence is very strongly developed, but it 
cannot be seen exactly what is the form of its ventral surface, which, however, is not 
divided into two or more separate knobs, as in Psephophorus, and is continued on the 
ventral face of the bone obliquely backwards, so that if the line of its direction were 
continued it would pass through the end of the ulnar process; in both Sphargis [ = 
Dermochelys] and Psephophorus the ridge is placed more transversely. 
(additions in brackets [] mine). 
The humerus of P. eocaenus is, apart from its small size, similar to OU 22021 in its slender 
appearance of the part proximal to the crista deltopectoralis . It also shows a proximal directed 
crista deltopectoralis which is not separated into distinct knobs as is the case in most other 
Psephophorus specimens. In some publications, however, a reconstructed version of the 
humerus of P. eocaenus is figured as showing a crista deltopectoralis separated into distinct 
knobs (Dacque, 1912; Muller, 1968; Karl, 1994 ). This reconstruction stands in sharp contrast 
with the type description given by Andrews, with a sketch of the original humerus drawn by Y. 
Attia from the Egyptian Geological Museum in 1994 (see appendix D), and with my own 
observations. Despite the damage in this area on the holotype (as examined on cast BMNH R 
3017), it appears to me that Andrews' description is correct. 
The differences between P. eocaenus and OU 22021 are the lack of a distinct ulnar crest, and 
the Jack of an obvious deep pit on the dorsal side of the humerus opposite the base of the lateral 
process in OU 22021. However, the main difference is the small size of the holotype of P. 
eocaenus which shows a width of the shaft above the lateral process of only 44 mm compared 
to 79 mm in OU 22021. The additional four left humeri reported from P. eocaenus (see 
discussion of P. eocaenus on page 118) are also very small and support a body size estimate 
which is about half as large as the (reconstructed) body size of OU 22021. The small sizes for 
the humeri of P. eocaenus are not due to immaturity because in one specimen, where the distal 
end of the humerus is preserved (Dacque, 1912: 300) the foramen ectepicondyloideus is 
completely surrounded by bone, which is characteristic for mature individuals in D. coriacea 
(Volker, 1913: 454; and own observations) . 
84 
Humeri of P. rupeliensis were first figured in Doi Io's paper on the Oligocene and Neogene 
turtles from Belgium (Dolio, 1888: 64-65 and plate 4, fig. 7-9), however, a sufficient 
description for those early Oligocene humeri was not given. The only comment is (Dolio 1888: 
66, translated) " ... the humerus points towards the type of humerus found in the recent Sphargis 
[= Dermochelys]." Fortunately I was able to examine these humeri fragments in the Brussels 
Museum, and compare them with the humerus OU 22021. The most complete humerus 
fragment of P. rupeliensis (l.G. 5441 Reg. R 14a/l654 D, figured by Dolio, 1888: plate 4, fig. 
7 as a mirror image) lacks the part proximal to the crista deltopectoralis and the radial half of the 
distal encl below the processus lateral is. The crista cleltopectoralis is separated into distinct 
knobs simi lar to P. polygonus but the appearance as a whole is more stout. 
FIGURE 45 P. rupeliensis sensu Dolio (LG. 5441 Reg. 1654 D). Ventral view of right 





























The other P. rupeliensis humeri parts figured by Dolio (I 888) are two distal fragments (I.G. 
5441 Reg. 1655 R 13 and I.G. 5441 Reg. R l4b/1654 G) showing a canalis 
· ectepicondyloideus completely surrounded by bone . 
Two additional humeri of P. ?rupeliensis (l.G. 8638) (Fig. 46) were added to the Brussels 
Museum collection in 1922. These two humeri, a left and a similar sized right, are both 
somewhat eroded. They show, like I.G. 544 l Reg. l 654 D, a crista deltopectoralis separated 
into disti nct knobs. Their separated crista deltopectoralis and their overall more stout 
appearance clearly distinguishes them from OU 2202 l. 
FIGURE 46 P. ?rupeliensis (l.G. 8638). Ventral view of right humerus, from the Oligocene 
Rupelian Clay, Terhaege, Belgium, proximal up . Scale x 0.5. 
The fossil cheloniid Eosphargis hreineri Nielsen, l 959 ( early Eocene, Island of Fur, Denmark) 
is included in this discussion because it also displays a parathalassic humerus. Nielsen's 
( 1963: 297-298) description of a humerus of E. hreineri reads as fo llows (extract): 
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From its wide proximal end the humerus first decreases in width in a distal direction and 
then somewhat nearer the proximal than the distal end of the bone suddenly widens again 
clue to the strong development of the deltopectoral crest [ ... ] which protrudes laterally as a 
very s trong processus lateral is [ ... ]. 
Thi s humerus differs from OU 22021 in its transverse-di stally oriented crista deltopectoralis 
and its far less accentuated intertubercular fossa , (Nielsen, 1963: fig. I 0). It is also far smaller 
with less than half the size of OU 22021. · 
Two humeri of the early Eocene turtle Eosphargis gigas (Owen, 1850) from the London Clay, 
England were mentioned in a short note by Lydekker ( 1889a: 241) as " ... of the general type of 
Psephophorus ... ". I could only identify one of these Eosphargis gigas humeri in the 
co ll ec tions of the Natural History Museum in London. This small and badly preserved 
fragment (BMNH R 44090) consists only of the most distal part of a humerus, which allows 
no comparison with OU 22021. The most complete humerus fragment of other Eosphargis 
gigas spec imens in the Natural History Museum in London is the eroded proximal part of a 
ri ght humerus (BMNH R 2717) (Fig. 47). This fragment differs distinctively from any 
Pseph.oplwrus humerus I could examine, thus negating Lydeld(er's statement about their 
s imilarity. The main difference between the humeri of E. gigas and Psephoph.orus is that the 
less vo luminous humeri of Pseph.oph.orus show a rnore pronounced distal retreat of the 
processus lateral is thus leading to a distinct neck-like constriction distal to the caput humerus. 
FIGURE 47 Eosphargis gigas (BMNH R 2717). Ventral view of right humerus from the 


























[ examined further parathalassic humeri in collections in North America, all of which are more 
s imilar to humeri of European species of the genus Psephophorus than to OU 22021. 
One of the more completely preserved humeri (CMM-V-12) is from the Miocene Calvert 
C liffs in Maryland, USA and is therefore seen here as probably representing the species P. 
calvertensis (see also page I 07). This specimen is a large, 53 cm long, left humerus which is 
distinctly different from OU 22021 in that it shows a broad, flattened shaft and a hummocky 
cri sta deltopectoralis whose internal end is slightly oriented distally (Fig. 48) . 
FIGURE 48 P. calvertensis (CMM-V-12). Ventral view of left humerus from the Miocene 
Calvert Cliffs, Maryland, USA, proximal up . Scale x 0.25. 
Other humeri of Psephophorus are from the collections of the LACM. They include a 50 cm 
long, ri ght humerus (LACM 4956/9-A-3 l ), a 23.6 cm long left humerus (LACM 1557/48775), 
a 37.6 cm long right humerus (LACM 4672/Sg. 27-G+H), the proximal parts of two right 
humeri (LACM 3 l 60/51876 and LACM 6688/50609), a 29.5 cm long left humerus (LACM 
6688/44596) and a 45.8 cm long left humerus (LACM 4672/Sg. 27-B). All these humeri are 
from the Sharktooth Hill Bonebed (Round Mountain Silt Formation) from Kern County, 
88 
FIGURE 49 Psephophorus sp. (LACM L557/48775). Ventral view of left humerus from the 
Miocene Sharktooth Hill Bonebed, Kern County, California, USA, proximal up . Scale x 0.33. 
FIGURE 50 Psephophorus sp. (LACM 6688/44596). Ventral view of left humerus from the 


























California, USA. The age of the Sharktooth Hill Bonebed was given by Barnes (1988: 1) as 
early Middle Miocene (North American land mammal age: Barstovian). Apart from the 
differences in size, which are due to the immaturity of the smaller specimens (as can be deduced 
from the ectepicondylar foramen, which is only in old animals completely surrounded by bone; 
in younger animals this foramen is present as a groove on the distal end of the humerus), the 
humeri are very similar to one another (see Figs. 49 and 50). Presumably all these humeri 
represent only one -as yet undefined- species of Psephophorus. The Sharktooth Hill Bonebed 
humeri are highly derived, flat and broad parathalassic humeri which resemble more closely to 
the humerus of D. coriacea than to the much slender form of OU 22021. Also the crista 
deltopectoralis is curved distally in the Californian specimens unlike in OU 22021 where it is 
directed proximal. 
Conclusion 
The comparison of OU 22021 with humeri of different Psephophorus species and Dermochelys 
coriacea, as well as with parathalassic humeri of the cheloniids Eosphargis breineri and E. gigas 
showed that OU 22021 could not be included into any of these species. Because the 
parathalassic humerus OU 22021 compares best with humeri of the archaic dermochelyid turtle 
P. eocaenus I consider it belonging to a Paleogene genus of the Dermochelyidae. This leaves 
the only known Eocene dermochelyids Cosmochelys dolloi Andrews, 1920 (see discussion on 
page 91) and P. terrypratchetti as possible relatives for OU 22021. Unfortunately the holotypes 
of both of these species do not include humeri and could therefore not be compared with OU 
22021. However, I regard the similar age of the specimens of P. terrypratchetti and OU 
22021, and the relative proximity ( compared to C. dolloi) of the find localities as an indication 
that OU 22021 is conspecific with P. terrypratchetti. Furthermore the size of the fossil 
humerus points towards a relatively large animal with a body length of more than 2 m 
(calculations with measurements supplied by Volker (1913) for aD. coriacea). This estimated 
body size compares well with the size of 2.3 to 2.5 m for the holotype of P. terrypratchetti (see 
page 65). 
Because there is no evidence for more than one species of Psephophorus in the New Zealand 
Eocene, I consider OU 22021 to be conspecific with Psephophorus terrypratchetti. 
INFERRED LIFESTYLE OF PSEPHOPHORUS TERRYPRATCHETTI 
The fossil leatherback turtle Psephophorus terrypratchetti presumably incubated under similar 
conditions as its modern counterpart D. coriacea, which needs incubation temperatures between 
25° and 33° C (Spotila and Standora, 1985: 694; Limpus etal., 1984: 569). The nesting 
grounds for extant dermoche!yids are restricted to tropical coasts, with a few subtropical 
nesting sites in Natal, Florida and Australia (Limpus and McLachlan, 1979: 114; Lazell, 1980: 
291 ). In the extant D. coriacea males and females gather near nesting grounds and mating takes 
place (to fertilise the eggs for a future clutch) just before· the females lay their eggs (Carr, 1980: 
90 
492). The furthest south located nesting ground reported is near Bundaberg in south-east 
Queensland [24°19' S] (Limpus et al., 1984) where the sea shows a mean winter surface 
temperature of 20° C. Because there is paleontological evidence for subtropical to tropical sea 
temperatures during the deposition of the Waihao Greensand, P. terrypratchetti could well have 
been a nesting animal. 
Other prerequisites for breeding include a suitable beach with a steep front and deep water 
close-by, and coarse to medium sand. A steep beach is preferred so the large females only have 
to drag themselves for a relatively short distance before they are above the high tide line 
(Hendrickson, 1980: 603). Because fine sand causes problems during incubation in preventing 
necessary air circulation (Limpus et al., 1984), marine turtles prefer a coarse to medium sand 
for breeding. Such sand can be found in lateral equivalents of the Waihao Greensand, the 
Homebush Sandstone which was deposited in shallow marine conditions around the western 
end of the Chatham Rise, and the Opawa Sandstone to the West of the Waihao River Basin. 
The five Psephophorus specimens, which most likely all derived from the late Lutetian turtle 
horizon of the Waihao Greensand, could thus have been accumulated near a feeding or a 
breeding ground. 
Because P. terrypratchetti shows adaptations to a pelagic life, as indicated by the parathalassic 
humerus OU 22021 which I regard as representing the same species, it may have fed on the 
same prey as D. coriacea. The main prey of D. coriacea are coelenterates (e.g. Cyanea capillata) 
on which it feeds off shore (Rhodin, 1982: 181; Lazell, 1980: 291; and others). The presence 
of tooth-like structures (notched maxillae) in D. coriacea is commonly explained as an 
adaptation for feeding on this slippery prey (Bjorndal, 1985). Because maxillary notches are 
not present in all fossil dermochelyids (e.g. P. (?) oregonensis, see page 104) some species 
could have utilised a different food source. The lack of any skull material for P. terrypratchetti 
does thus not allow to explicitly predict its food source. 
The cause of death for the W aihao dermochelyids can only be guessed, for there is no evidence 
such as bite marks which could indicate the presence of predators. However, modern 
leatherbacks are reported to be attacked by sharks (Rhodin, 1982: 181; Davenport et al., 1993: 
81 ), and it is possible that the Waihao animals were subject to similar attacks. Because the very 
rare information about the taphonomy of marine turtles (Meyer, 1991) is restricted to animals 
with a primary carapace, predictions about the behaviour of a dermochelyid carcass are 
problematic. However, I presume that a dead dermochelyid with its integument intact, would 
behave more like a mammal carcass in that it would float for a relatively long time due to its 




















The New Zealand Psephophorus fossils in a global context 
Introduction 
The New Zealand fossils of the genus Psephophorus represent the first described Southern 
Hemisphere species, and provide one of the oldest records of a lineage which is today 
represented by the species D. coriacea. Fossil dermochelyids are restricted to the three genera 
Dermochelys, Psephophorus and Cosmochelys, which are discussed separately on the 
following pages. 
Figure 51 shows the ages for all species (as recognised in this thesis) of the family 
Dermochelyidae and for fossil material which could not be positively assigned to any known 
species. The bars given in this figure are error bars, they indicate the age of the fossils as given 
in publications. The absolute time scale is adopted from Harland et al. (1990); correlations to 
North American land mammal ages were made using absolute ages given by Ray (1977 a,b) 
and Barnes ( 1988; 1990). 
The world wide distribution of all known fossil dermochelyids is shown in Figure 52. 
REVIEW OF ALL DESCRIBED FOSSIL DERMOCHEL YIDS WORLDWIDE 
THE GENUS COSMOCHELYS 
The genus Cosmochelys is represented by one species which is reported from one isolated find. 
This find from the middle Lutetian of Nigeria represents the oldest described remains of a 
dermochelyid turtle worldwide. 
Cosmochelys dolloi Andrews, 1920 
Chronological list of publications mentioning Cosmochelys dolloi 
Andrews, C. W. 1920 [holotype description]. 
Packard, E. L. 1940 [pp. 27-29]. 
Piveteau, J. 1955 [p. 526]. 
Romer, A. S. 1956 [p. 511]. 
Nielsen, E. 1959 [p. 107]. 
MUiler, A. H. 1968 [p. 92]. 
Halstead, L.B. and Middleton, J. A. 1976a [pp. 131-133]. 
Halstead, L.B. and Middleton, J. A. 1976b [pp. 55-63]. 
Broin, F. de and Pironon, B. 1980 [p. 597]. 
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D. coriacea (Lee Creek Mine specimens USNM 358306 and USNM 358208 and extant) 
Britain, Bracklesham specimen (BMNH R 1500) 11111111111 111111111111 
Seymour Island, Museo de La Plata and UCR specimens 
Germany, Helmsted, specimen of Lienau and Schleich, 1986 
Alamaba, e.g. 'Hydrarchos' specimen (TM 8565, TM 8566) and USNM 023699 
South Carolina (information R. C. Wood) 
..,. 
N 
Belgium, specimens LG. 8Gl0, LG.?, LG. 8638 (in part), LG. 8516 (in partj, l.G. 8289* (iri pai:t) 
Germany, Saamland, specimen of Dames, 1894a 
Germany, Siichteln, specimen of Rothausen, 1958 
Germany, Doberg, specimen of Rothausen, 1970 
Peru (information R. C. Wood) 
South Carolina, specimen of Weems, 1988 
Germany, Darmstadt, specimen of Schleich, 1988 
Germany, Altona, specimen of Dames, 1894a 
California, specimens LACM (Sharktooth Hill Bonebed) 
Italy, Benevento, specimen ofBroin and Pironon, 1980 
California, specimens LACM (Clarendonian material) 
Denmark, specimen mentioned by Dyck, 1992 
Florida, specimen of Dodd and Morgan, 1992 (UF 53897) 





































































.. relevant New Zealand Stages correlated with European Stages after Harland et al. ( 1990). 








local ages for turtle bearing beds in Belgium 
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Figure 52 World map with all known localities for fossil 




~ ~ .;-:,-,-.__l'-"'1y• p--- (S)(<; •. t?. '•c,_ ....,,. -.,,.__." ·,s-c;.·: ; • ./ ( 
o ; :-:::J ("' 
? 
'-~ / __________ .,.,../ 
V fossil D. coriacea remains 
<) Pliocene dermochelyids 
0 Miocene dermochelyids 
L_ Oligocene dermochelyids 
D Eocene dermochelyids 
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V D. coriacea, Lee Creek Mine 
• P. polygonus 
0 Florida specimen 
<'.V North Carolina specimens 
• P. polygonus ® P. calvertensis 
@ P. (?) oregonensis 
G) Californian specimens 
® Denmark specimen 
® Altona specimen (Germany) 
© Benevento specimen (Italy) 
© Darmstadt specimen (Germany) 
A. P. rupeliensis (sensu Dolio) I \0 w 
£ Peruvian specimens 
~ Stichteln specimen (Germany) 
& Belgian specimens 
£ South Carolina specimen 
.& Saamland specimen (Germany) 
[l . P. terrypratchetti 
~ P. eocaenus 
~ C. dolloi 
[TI Seymour Island specimens 
[] Alabama specimens 
@J Bracklesham specimen (England) 
0 Helmstedt specimen (Germany) 
~ South Carolina specimen 
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Holotype 
A 27 by 37 cm wide platelet field made up by nine fragments with attached fragmentary ribs 
with small costal plates. The platelets are heavily sculptured and carry small, narrow keels. 
Neural arches with small neural plates are present in the matrix immediately below the platelet 
fi e ld. The holotype is held in the British Museum of Natural History and carries the number 
BMNH R 4338. 
flGURE 53 Cosmochelys dolloi (BMNH R 4338). Secondary armour of holotype from the 
Lutetian Ameki Formation, near Ameki, Ombialla di strict, Nigeria. 
Type locality and horizon 
The holotype derived from the middle Eocene (middle Lutetian) Ameki Formation, near Ameki 
in the Ombialla district in southern Nigeria (Andrews, 1920: 309; Halstead and Middleton, 
1976a: 60, 1976b: 129). 


























Andrews also described in his C. dolloi paper an archaeocete which he named Pappocetus 
lugardi. His information on the age of these two specimens, which were apparently found 
together, consists solely of "Eocene of Ombialla district in Southern Nigeria". The label 
accompanying the holotype in the BMNH reads: 
Portions of Carapace 
Cosmochelys dolloi And. 
Formn. Lower Eocene 
Locy. Ombialla District Nigeria . 
The formation and age for C. dolloi used in this thesis, rely on additional information published 
by Halstead and Middleton ( 1976a: 60), who, while reviewing the fossil ve11ebrates of Nigeria 
gave a middle Eocene age. Valen (1968: 37) gave the age of the Ameki Formation as middle 
Lutetian in a discussion of Pappocetus. 
The monospecific species Cosmochelys dolloi was invented by Andrews because he considered 
the more pronounced sculpturing and the very small number of inter-ridge platelets as distinctly 
different from Psephophorus. However, a small number of inter-ridge platelets is now also 
known to be present in P. eocaenus (Yale University carapace), whose platelets are otherwise 
smooth. A further difference can be found in the morphology of the ridge platelets which are 
very narrow and sharp in Cosmochelys dolloi, unlike in most keeled Psephophorus species 
where they are broad (only exception is P. eocaenus, as represented by the Yale University 
carapace). 
I regard Cosmochelys dolloi as representing an archaic stage in the evolution of dermochelyids 
because its primary carapace still shows thin neural plates fused to each other. Its small costal 
plates which project dorsally above the rib-head, but which are no longer in contact with the 
neural plates, and its thick and well developed secondary platelet carapace are more derived 
features also known from other Paleogene dermochelyids. 
THE GENUS PSEPHOPHORUS 
Currently eight species of Psephophorus have been formally described. Table 2 gives a brief 
account of the number of specimens known from each species, the age of the holotype 
specimen and the country where it was found . The high number of specimens for P . 
calvertensis is due to a large amount of single, isolated platelets referred to this species. The 
New Zealand dermochelyids and late Eocene (to possible earliest Oligocene) dermochelyids 
from Seymour Island, Antarctica form so far the only published material for the Southern 
Hemi sphere . 
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TABLE 2 List of currently recognised Psephophorus species, the number of specimens 
referred to these, and the age and country for the holotype specimen. The species P. scaldii and 
P. pseudostracion are subjective junior synonyms for P. polygonus and only listed separately 
here to avoid confusion. 
I total number of specimens age of holotype country of origin 
P. scaldii (Beneden, 1871) 5 Miocene Belgium 
P. pseudostracion (Gervais, 1849) 3 Miocene France 
P. polygonus Meyer, 1847 . l Miocene Austria 
P. calvertensis Palmer, 1909 68 Miocene us 
P. (?) oregonensis Packard, 1940 2 Miocene us 
P. rupeliensis (Beneden, 1883b) sensu Dollo 4 Oligocene Belgium 
P. eocaenus Andrews, 190 l 6 Eocene Egypt 
P. terrypratchetti Kohler, 1995b 6 Eocene NZ 
A detailed account for all Psephophorus fossils reported is compiled on the following pages to 
show likely synonyms between some species and to further emphasise the differences from the 
new species P. terrypratchetti. In cases where species were based on skeletal fragments which 
did not yield enough information to positively distinguish them from already established 
species, I revised their taxonomy. The possibility that, especially with the Miocene species, 
some names are junior synonyms for previously named animals is very high. For example, I 
regard the species P. scaldii (Beneden, 1871) and P. pseudostracion (Gervais, 1849) as 
subjective junior synonyms for P. polygonus Meyer, 1847 because no significant differences 
between these two species and the similar aged P. polygonus can be recognised. 
The account below identifies problems of lost types; in these cases I had to rely on type 
descriptions which in some cases did not agree with the figured material. In the case of P. 
rupeliensis, for which the holotype is lost, I base my understanding of the species on only a 
part of the material which is held in Brussels under the name P. rupeliensis (see detailed 
discussion below). 
Psephophorus scaldii (Beneden , 1871) Dolio, 1887 a 
Synonymy: 
1871 Macrochelys scaldii Beneden 
Chronological list of publications mentioning Psephophorus scaldii 
Benede n, P. J. van 1871 [p. 13] . 


























Dollo, L. 1888 [text and plate 4 fig. 1; first figure of humerus] . 
Lydekker, R. 1889d (p. 224, fig. 51). 
Dames, W. 1894a [p. 19, footnote 3]. 
Wieland, G. R. 1900 [p. 421, fig. 20]. 
Andrews, C. W. 1906 [pp. 275-276]. 
Dolio, L. 1909 [p. 116, 118]. 
Palmer, W. 1909 [p. 372]. 
Dacque, E. 1912 [pp. 299-301]. 
Packard, E. L. 1940 [p. 23]. 
Rothausen, K-H. 1958 [p. 363, pp. 367-370, p. 379, fig. 4; plate 3 fig. 8] . 
Nielsen, E. 1963 [p. 298 fig. 11, p. 300]. 
Rothausen, K-H. 1970 [p. 183]. 
Broin, F. de and Pironon, B. 1980 [p. 596]. 
Karl, H-V. 1993 [p. 291]. 
Karl, H-V. 1994 [fig. 1-3]. 
Kohler, R. 1995a [pp. 101-106] . 
Kohler, R. 1995b [pp. 371-384] . 
Holotype 
A complete 45.6 cm long left humerus (LG. Ht. R 15) (see also Fig. 43), tield in the 
collections of the Brussels Museum. Ht. R 15 (Holotype Reptilia 15) is not the official 
collection number, but the holotype number. Because this bone is only identified in the 
collections as Ht. R 15 (which is written on the humerus), and not by its LG. number (which 
only appears in the holotype list as LG. 18.733 Reg. 201) I use Ht. R 15 when referring to thi: 
humerus. 
Type locality and horizon 
Beneden ( 1871: 141, translated) "This turtle was found in the black sands, or the Diestien, in 
the surroundings of Antwerp." Dollo (1887a: 155; 1888: 75; 1909: 115) pointed out that these 
black sands do not belong into the Diestien but represent a Bolderian (Anversian, Miocene) 
age. According to Vinken (1988: 56) the Anversian equates to an early-middle Miocene 
(Burdigalian-Langhian) age, and the Diestien to a middle Miocene (Langhian-Serravalian) age. 
The Scaldisian from which this Miocene species received its name is early Pliocene in age 
(Ray, 1977a: 392). 
Specimens referred to P. scaldii 
Dol io ( 1888: 80) provisionally included a right radius, a first phalanx from the second finger, 
and a left femur from Pliocene (Scaldisian) strata near Antwerp into the species P. scaldii. 
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These specimens carry the number LG. 8289 and an accompanying label reads: 
Femur gauche et radius droit de Psephophorus scaldii . 
Les precieux ossements ont ete recueillis lors des fouilles 
du bassin Africa, 1884, a Austrusreel, vie droite de J 'Escaut. 
Coll. Delheid. Scaldisien inferieur, Anvers 1884. 
FIGURE 54 P. polygonus (P. scaldii) (LG. 8243). Secondary armour from the Miocene at 



































Further specimens which I located in the collection of the Brussels Museum were: 
•LG. 8243 (fragments of secondary armour) which were accompanied by the following labels 
'P. scaldii, Et.: Anversien. Loe.: Kessel. Expl. janivier' and 'Ossements de Tortue. Terrain 
Bolderien Loe. Kessel. le 28 janivier 1910'. 
•LG. 8341 which consists of numerous fragments of secondary armour which are labelled as 
'P. scaldii, Et.: Anversien. Lettre W. Loe.: Kessel. Expl. mai 1912', only that 'mai 1912' is 
replaced by 'l juin 1912' or '4 juin 1912' or '8juin 1912' and that the letters (Lettre) change 
from W to 3WA, 3WB, 3WC, 4WA, SW, 6WB and 7W A. It appears that I.G. 8341 is a 
collective number for armour fragments which were collected over a longer period. As 
indicated by the alphabetic numbering system I.G. 8341 is probably incomplete because 
specimens such as lWA, 2WA and 6W A, which should form part of this consecutive 
numbering system, could not be found. 
•I.G. 20.664 which consists of a few fragments of secondary armour labelled as 'Collection 
Georges Hasse Anvers Terrain Diestien Espece Tortue Provenance Deurue 1914'. 
Comments 
Dolio ( 1888: 75-76) showed that Beneden's Macrochelys scaldii did not belong into the genus 
Macrochelys but into the genus Psephophorus. All specimens referred to P. scaldii, apart from 
LG. 8289 which Dolio (1888: 80) only provisionally included in this species, are Anversian 
(middle Miocene) or Diestien (late Miocene) in age. If the identification'of LG. 8289 as P. 
scaldii is correct, the age range for this species must be given as middle Miocene to early 
Pliocene. This age was also accepted by Palmer (1909: 372) and Broin and Pironon (1980: 
596), but not by Wieland (1900: 421) who cited a Pliocene age only. 
I regard it as very likely that other specimens of P. scaldii exist ( or existed) in the Brussels 
collection or outside, because Lydekker ( 1889a: 240) stated that P. scaldii had a typical 
Psephophorus armour. This statement was made before the secondary armour fragments held 
in the Brussels Museum were collected. Dames (1894a: 213, footnote 3) must have been 
unaware of this material because he wrote that there are no platelets known from P. scaldii. 
Platelets of P. scaldii from the Brussels Museum were mentioned for the first time by 
Rothausen (1958: 367) who cited LG. 8243. This specimen, as well as other armour 
fragments of P. scaldii mentioned above, show platelet fields with distinct keels. 
Because all skeletal elements of P. scaldii, apart from its secondary armour, are not known 
from the holotype of P. polygonus, these two species cannot be separated. The secondary 
armour of P. scaldii (Fig. 54) does not show any significant differences to that of the 
contemporaneous P. polygonus (Fig. 22). Due to the strong similarity of their secondary 
armour and their similar age I regard P. scaldii as a subjective junior synonym of P. polygonus. 
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Pseplzoplzorus pseudostracion (Gervais, 1849) Dolio, 1887a 
Synonymy: 
1839 Ostracion sp. Serres et al. (fide Gervais, 1859) 
1849 Sphargis pseudostracion Gervais (fide Dollo, 1887a) 
1853 Sphargis pseudostracion Pictet 
1858 Dermatochelys pseudostracion Meyer 
1859 Sphargis pseudostracion Gervais 
1872 Sphargis pseudostracion Gervais 
1883 a,b Sphargis pseudostracion Beneden 
1884 Sphargis pseudostracion Capellini 
1889 Sphargis pseudostracion Woodward 
Chronological list of publications mentioning Psephophorus pseudostracion 
Serres, M. de, Dubreuil, J. and Jeanjean, B. 1839 [p. 251]/ide Gervais, 1859. 
Gervais, P. L. 1849 [p. 56] fide Pictet, 1853. 
Pictet, F. G. 1853 [p. 463]. 
Meyer, H. von 1858 [p. 250]. 
Gervais, P. L. 1859 [p. 438 plate 9 fig. l.]. 
Gervais, P. L. 1872 [p. 200 plate 9, fig . 4]. 
Beneden, P. J. van 1883a [p. 132]. 
Beneden, P. J. van 1883b [p. 672]. 
Capellini, G. 1884 [p. 305 footnote l]. 
Dolio, L. 1887a [p. 141 , 163]. 
Dolio, L. 1888 [p. 80] . 
Woodward , A. S. 1889 [p. 12]. 
Palmer, W. 1909 [p. 372]. 
Dacque, E. I 9 I 2 [p. 299]. 
Packard, E. L. 1940 [p. 23]. 
Rothausen, K-H. 1958 [p. 370] . 
Broin, F. de and Pironon, B. 1980 [p. 593 , 595, 598]. 
Karl , H-V. 1993 [p. 291]. 
Holotype 
"A row of large platelets, slightly thickened in a faint longitudinal convexity accompanied on 
each side by some very small polygonal plates in mosaic" (Gervais, 1849: 56, translated). The 
holotype, as figured by Gervais (1859), could not be found in the collection of the Museum 























A similar specimen, held in Paris (MnHN Paleontologie 1870-96) carries the following label : 
SPHARGIS PSEUDOSTRACION Gerv . 
Portion de Carapace 
Molasse de Vendargues (Herault) 
p. fr. Pl. g. f. i. l870-96 . 
Type locality and horizon 
Blue molasse at Vendargues near Montpellier (Herault), France. According to Broin and 
Pironon (1980) the fossil is Pliocene in age, though Pictet (1853: 463), Gervais (1872: 200), 
Dacque ( 1912: 299) and Palmer ( [909: 372) gave a Miocene age. France de Broin indicated 
during my visit in Paris that the age of P. pseudostracion is without doubt late Miocene (i .e . 
Tortonian), and that the Pliocene age given by her in 1980 is incorrect. 
FIGURE 55 P'. polygonus (P. pseudostracion) 1(MnHN Paleontologie 1870-96). Secondary 
armour from the Miocene 'Molasse de Vendargues', Montpellier (Herault), France, with 
direction of keel indicated by arrows. Scale x 0.66, 
Specimens refe rred to P. pseudostracion 
Apart from the lost holotype there are at least two other platelet field fragments referred to P. 
pseudostracion: the fragment held in Paris (MnHN Paleontologie 1870-96) and fragments 
mentioned by Gervais (1859: 438) "Cette plague et d'autres analogues ont ete attribuees .. . " the 
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whereabouts of which are not known. Beneden ( 1883a: 132) attributed material to this species 
only to remove it ( 1883b: 672) and erect the new species P. rupeliensis. 
Comments 
The holotype, as figured by Gervais, as well as the Paris specimen show that the description 
given by Gervais is incorrect; the platelets accompanying the ridge are only slightly smaller than 
the ridge platelets (Fig. 55). 
P. pseudostracion was first thought to be part of a coffer-fish (Ostracion) by Serres et al. 
( 1839). Gervais ( 1849) recognised it as turtle and published a description and figures under the 
name Sph.argis pseudostracion, which Dollo ( 1887a) in his review of Psephophorus, 
rearranged in the latter genus. The holotype figured by Gervais and the fragment held in Paris 
both show identical traces of industrial cutting by stonemasons. Gervais (1859: 438) also 
wrote that the platelets of P. pseudostracion derived from a place " ... dont on fait des dalles 
pour Jes appartements." ( ... where they make flagstones for flats). I regard it therefore highly 
possible that all specimens of P. pseudostracion derived from a single quarry, and that the lost 
holotype and the fragment held in Paris represent the same species. The only skeletal elements 
ever described or mentioned of P. pseudostracion are small fragments of the secondary armour. 
These fragments cannot be distinguished from other late Miocene dermochelyid armour, and it 
is my opinion that P. pseudostracion should be regarded as a subjective junior synonym for P. 
polygonus. 
Psephophorus polygonus Meyer, 1847 
Synonymy: 
1839 Ostracion sp. Serres et al. (fide Gervais, 1859) 
1849 Sphargis pseudostracion Gervais (fide Dolio, 1887a) 
1853 Sphargis pseudostracion Pictet 
1858 Dennatochelys pseudostracion Meyer 
1859 Sphargis pseudostracion Gervais 
1871 Macrochelys scaldii Beneden 
1872 Sphargis pseudostracion Gervais 
1883 a,b Sphargis pseudostracion Benedeo 
1884 Sphargis pseudostracion Capellini 
1889 Sphargis pseudostracion Woodward 
1996 Psephophorus scaldii this thesis 




























Chronological list of publications mentioning Psephophorus polygonus 
Meyer, H. von 1846 [p. 472, mentioned as Dasypodidae] . 
Meyer, H. von 1847 [p. 579) . 
Meyer, H. von 1851 [p. 3]fide Seeley, 1880. 
Meyer, H. von 1858 [p. 250) . 
Hauer, F. von 1868 [p. 387) . 
Hauer, F. von 1870 [p. 342]fide Seeley, 1880. 
Fuchs, T. 1874 [p. 220]fide Seeley, 1880. 
Seeley, H. G. 1880 [description of holotype]. 
Capellini, G. 1884 [p. 305 footnote 1). 
Beneden,P.J. van 1883b [p. 674,675). 
Dollo, L. 1887a [p. 146, 163). 
Dollo, L. 1888 [p. 83). 
Woodward, A. S. 1889 [p. 13). 
Abel, 0. 1901 [p. 306) . 
Palmer, W. 1909 [pp. 370-372). 
Packard, E. L. 1940 [p. 23, 27-29). 
Dacgue, E. 1912 [p. 299) . 
Rothausen, K-H. 1958 [p. 367, 368, 370). 
MUiier, A.H. 1968 [p. 93 fig . 111) . 
Weems, R. E. 1974 [p. 301) . 
Broin, F. de and Pironon, B. 1980 [p. 593 , 595, 597, 598). 
Lienau, H-W. and Schleich, H-H. 1986 [p. 335]. 
Karl, H-V. 1993 [p. 291). 
Karl, H-V. 1994 [p. 90). 
Kohler, R. 1995a [pp. 101-106). 
Kohler, R. 1995b [pp. 371-384). 
Holotype 
Only half of the partial carapace from the original holotype (a partial carapace, five fragmentary 
cervical vertebrae and a rib fragment), as described by Seeley (1880), is preserved (see also 
Fig. 22). It is held in the collection of the Naturhistorisches Museum in Vienna (no collection 
number available). 
Type locality and horizon 
The village Neudorfl (or Neudorf(f)) an der March, Austria (now Nova ves in Slovakia). The 
fossil was found embedded in hard Tertiary sandstone underlying the Leitha-Limestone. The 
age was given as Miocene by Dacque (19 l 2: 299), Muller (1968), Broin and Pironon (1980), 
Rothausen (1958), Karl (1989: 125) and Dolio (1888); and as Pliocene by Seeley (1880), 
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Woodward ( 1889) and Palmer ( 1909). Plochinger and Prey ( 1993: 83), in their monograph on 
the Tertiary strata of the Vienna Basin gave a late Miocene (i.e. Tortonian) age for a sequence 
including the Leitha-Limestone and the underlying sandstones. For this reason I regard a 
Tortonian age for P. polygonus as correct. 
Specimens referred to P. polygonus 
Due to a similar age and identical carapaces I regard the species P. scaldii and P. pseudostracion 
as subjective junior synonyms of P. polygonus. Additional fossils of P. polygonus may 
probably be represented by some specimens currently curated as P. rupeliensis in the Brussels 
Museum (see discussion of P. rupeliensis below). 
Comments 
P. polygonus is the type species for the genus Psephophorus Meyer, 1847. Seeley (1880), 
while describing P. polygonus, also mentioned the existence of five fragmentary cervical 
vertebrae, and a small rib fragment embedded in the matrix on the underside of the dermal 
armour. His descriptions, and one small figure of a damaged cervical, form the only existing 
record for this material. Nobody else ever mentioned or even described these non-armour 
fragments again. I do not know whether they are still preserved, or whether they were with the 
now missing part of the holotype. For a detailed account on the history of P. polygonus see 
page 47. 
Psephophorus (?) oregonensis Packard, 1940 
Chronological list of publications mentioning Psephophorus (?) oregonensis 
Packard, E. L. 1940 [holotype description]. 
Nielsen , E. 1959 [p. I 07-108]. 
Ray,C. E. 1977b [p. 43~ . 
Broin, F. de and Pironon, B. 1980 [p. 596,597]. 
Karl , H-V. 1993 [p. 291]. 
Holotype 
An almost completely preserved skull (Figs. 56 and 57) (UCMP V 6896-124474 ). 
Type locality and horizon 
Packard ( 1940) "Type locality: At base of ocean cliff at the mouth of Spencer Creek about a 
mile and a half south of Otter Rock, Lincoln County, Oregon, Astoria Formation, Middle 
Miocene." Barnes ( 1990) gave an age of late Early Miocene to early Middle Miocene for the 
Astoria Formation, which correlates approximately to the European Burdigalian and Langhian 




























FIGURE 56 P. ('') oregonensis (UCMP V 6896- [24474). Lateral view of holotype skull from 
the Miocene Astoria Formation, Lincoln County, Oregon, USA. Scale x 0.36. 
FIGURE 57 P. (?) oregonensis (UCMP V 6896-1 24474). Ventral view of holotype skul l 
from the Miocene Astoria Formation, Lincoln County, Oregon, USA. Scale x 0.36 . 
Specimens referred to P. (?) oregonensis 
A fragment of a platelet armour with a keel from "same locality as the sku ll " (Packard, 1940: 
25). This armour fragment, which shows no apparent differences to other ridged carapaces of 
Psephophorus, was found by another person more than a year after the discovery of the 
ho lotype skull. The original armour fragment appears to be lost; a cast carries the number 
UCMP V 6896-125357. 
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Comments 
The holotype specimen for the species P. (?) oregonensis Packard, l 940 was referred to the 
genus Psephophorus because it shared many features with the skull of D. coriacea. However, 
Packard only compared the holotype skull with the skull of D. coriacea, and not with the then 
onl y available skull fragments of Psephophorus held in the Brussels Museum (I.G. 8516 (in 
parts ) and 1.G. 544 l Reg. 1654 (in parts)). These fragments , as well as the skull of D. 
c.:oriac.:ea, differ in that they show maxillary notches (preserved right maxilla of I.G. 8516, see 
Fig. 58) which do not occur in P. (?) oregonensis. 
FIGURE 58 Psephophorus sp . (I.G. 8516). Skull from the Oligocene Rupelian Clay, Niel, 
Be lgium, ventral view with maxillary notch indicated by arrow. Scale x 0.36. 
Other dermochelyid skull material was found in California after 1940. Some of this skull 
material from the Sharktooth Hill Bonebed (North American land mammal age: Barstov ian) 
(LACM 4956/ 127937, LACM 45 l l/ l 557, LACM l 625/ l 03361 , and LACM no number, 

























mammal age) Monterey Formation (Altimira Shale Member) from Point Fermin, Los Angeles 
County is preserved with maxillae. The Clarendonian age on the North American West Coast 
is according to Ray (1977b) equivalent to the middle Serravallian to early Tortonian Stage; the 
Barstovian is best compared with the Langhian to early Serravallian Stage. 
The Sharktooth Hill Bonebed skull elements only comprise bones from the sku ll-roof and the 
fac ial region, including perfectly preserved maxillae which each show an accentuated notch 
laterall y (Fig. 59). Apart from these maxillary notches the preserved skull bones appear similar 
to both P. (?) oregonensis, I.G. 8516 and LACM 1348/4094. (I.G. 5441 Reg. 1654 on ly 
consists of very badly preserved, small fragments which do not include maxillae). The badly 
preserved LACM 1348/4094 appears similar to P. (?) oregonensis in that it also lacks the lateral 
notches in the maxillae. Apart from these similarities the skull LACM 1348/4094 is not as 
highly arched and broader, which is probably mostly due to distortion during fossilisation. 
These dermochelyid skul ls with and without maxillary notches may indicate that these notches 
only evolved once in the dermochelyid clade (in the Oligocene or earlier, as represented by the 
Rupelian dermochelyid I.G. 8516), and that the lack of them in the Miocene P. (?) oregonensis 
represents a group within the genus Psephophorus which secondarily reversed this character 
(see also discussion on dermochelyid skulls on page 142) . 
. + 
FIGURE 59 Psephophorus sp. (LACM no number, 'Andrea 21. Aug. 1993 '). Buccal view of 
right maxilla from the Miocene Sharktooth Hill Bonebed, Kern County, California, USA, 
showing a distinct maxillary notch (arrow). Scale x 0.33. 
Psephophorus calvertensis Palmer, 1909 
Synonymy: 
1902 Chelonia sp. Case (jlde Weems, 1974) 
Chronological list of publications mentioning Psephophorus calvertensis 
Palmer, W. 1909 [holotype description]. 
Co llins, R. L. and Lynn, W. G. 1936 [p. 154]. 
Packard , E. L. l940 [p. 23, 27-29] . 
Weems , R. E. l974 [p. 301 , plate 5 figs. l-2 show holotype] . 
Brain, F. de and Pironon, B. 1980 [pp. 594-595]. 
Karl , H-V. 1993 [p. 291]. 
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Holotype 
A platelet armour fragment with a prominent median keel and several, perhaps six, minor keels 
parallel to it. Numerous additional platelets (many joined together), a thoracic vertebra 
fragmen t and several pieces of ribs (USNM 006059) (Palmer, 1909: 371 ). 
Type locality and horizon 
Two miles south of Chesapeake Bay in the Calvert Cliffs , Calvert County, Maryland, USA. 
Probably from horizon 10 (late early to early middle Miocene, equivalent to late Burdigalian-
Langhian (Ray, 1977a)) of the Calvert Formation. 
Specimens referred to P. calvertensis 
Because there is no evidence which would suggest the presence of more than just one 
dermochelyid species, all specimens from the Calvert Formation are referred to the species P. 
calvertensis. Most of the material cited below was not found in situ. 
•USNM 009349, a fragmentary scapula with both scapular rods broken off (Weems, 1974: 
301) . 
•A central portion of a scapula (Palmer, 1909: 372), which could not be located in the USNM. 
•USNM 358957 (Fig. 60), a very large fragment of a carapace with three keels running parallel 
to each other, and numerous isolated platelets. This specimen from Calvert Cliffs is currently 
on loan in the Calvert Marine Museum. 
•USNM 364381, numerous platelets, three very large platelet fields and five large platelet 
fields, all displaying keels. One of the largest platelet fields (40 by 43 cm wide), which also 
carries a keel, shows seven to ten platelets which are obviously fused together on their external 
side. The sutures between these platelets can still be recognised on their internal face, but they 
share the outermost layer of dense primary bone. A similar pathological histology in which the 
external primary bone layer is continuos across some platelets occurred in a carapace fragment 
from California (LACM Thousand Oaks). I regard this feature as a response to an infection or 
injury which caused separate ossification areas to fuse. USNM 364381 further contains a 
slightly damaged scapula, left and right pubis, two somewhat damaged caudal vertebrae, a left 
tibia and many small fragments which couldn't be identified. This specimen from Calvert 
Cliffs is also currently held in the Calvert Marine Museum. 
•CMM-V-12, a 53 cm Jong, almost completely preserved left humerus from horizon 14 (middle 
Miocene) of the Calvert Formation (see Fig. 48 and comments below). 































FIGURE 60 P. calvertensis (USNM 358957). Secondary armour from the Miocene Calvert 
Cliffs, Maryland, USA, showing larger, keeled platelets arranged in rows. 
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Further, mostly isolated platelets from the Calvert Formation carry the foliowing numbers in the 
collection of the USNM: 
025474 025839 357173 357174 357175 357176 357177 357178 357181 357182 
357183 357184 357185 357186 357187 357188 357189 357190 357191 357192 
357193 357194 357195 357196 357197 357198 357199 357200 357201 357752 
357753 357754 357755 357756 357757 357758 357759 357760 357761 357762 
357783 357785 357786 357787 357788 357789 357790 357791 357792 357793 
357794 357796 357797 357798 357800 357876 357877 357879 357880 357881 
357904 442461. 
One platelet of P. calvertensis from Calvert Cliffs which was cut for a thin-section is now in the 
collections of the Geology Museum at University of Otago (OU 22273). 
Comments 
The holotype for P. calvertensis contains a thoracic vertebra with a fragmentary neural arch 
with a broken neural spine, thus implying the existence of a small neural plate. 
Many publications on the fossil-rich Calvert Formation (i.e. Calvert Cliffs) give a so-called 
'zone' as a more detailed age reference. These 'zones' are not zones sensu stricto because they 
refer to lithological units and not to age ranges identified by index fossils. Accordingly I use 
the phrase horizon instead of 'zone' . 
Weems (1974: 301) included a small dermochelyid scapula fragment, USNM 009349, which 
was formerly described as Che Zonia sp., in P. calvertensis with the following words " ... until 
evidence is found that more than one dermochelyid is present in the Maryland Miocene, this 
specimen should be assigned to P. calvertensis". The partial scapula mentioned by Palmer 
( 1909: 372) and the additional material of P. calvertensis listed above was assigned to P. 
calvertensis for the same reason. The "several pieces of ribs" mentioned by Palmer ( 1909: 371) 
as forming part of the holotype could not be found in the USNM, and a description or figures 
for these fragments do not exist. A comparison with other dermochelyid rib material was, 
therefore, not possible. 
Apart from the excellent preserved secondary armour, which resembles carapace fragments of 
other Miocene dermochelyids most closely, only one skeletal element is also known from other 
Miocene species of Psephophorus. This element is the humerus CMM-V-12 which compares 
best to a humerus from P. polygonus (see Figs. 42 to 48). The differences are: CMM-V-12 
has a more globular caput humeri and a more elongate processus medialis. Its shaft is also 
more constricted just distal to the processus lateral is than in the humerus of P. polygonus. A 
further difference is the shape and size of the ectepicondylar foramen which is (as viewed from 





















deltopectoralis, which is bent distally in its median part, is not subdivided into distinct knobs in 
CMM-V-12. These differences are, in my opinion, reason enough to uphold the species P. 
calvertensis for the time being. Additional finds of humeri could well show that these 
differences are only due to variation within one species. 
Psephophorus rupeliensis (Beneden, 1883b) sensu Dollo, 1887a 
Synonymy: 
1883a Sphargis pseudostracion Beneden 
1883b Sphargis rupeliensis Beneden 
I 884 Sphargis rupeliensis Capellini 
1889 Sphargis rupeliensis Woodward 
Chronological list of publications mentioning Psephophorus rupeliensis 
Beneden, P. J. van 1883a [p. 132]. 
Beneden, P. J. van 1883b [pp. 665-684; plate 1 fig. 1-9]. 
Capellini, G. 1884 [p. 305 footnote 1]. 
Dolio, L. 1887a [pp. 143-146; 163]. 
Dolio, L. 1888 [pp. 61-66; plate 4 figs. 7-9]. 
Woodward, A. S. 1889 [p. 13]. 
Dames, W. 1894a [p. 5, 19, 23 fig. of thin-section of platelet]. 
Reinach, A. von 1903 [p. 59]. 
Dolio, L. 1909 [p. 113]. 
Palmer, W. 1909 [p. 372]. 
Dacque, E. 1912 [p. 299,301]. 
Packard, E. L. 1940 [p. 23]. 
Rothausen, K-H. 1958 [pp. 363-370, 379]. 
Nielsen, E. 1963 [p. 300]. 
Rothausen, K-H. 1970 [p. 183]. 
Broin, F. de and Pironon, B. 1980 [p. 594, 597] . 
Rothausen, K-H. 1986 [p. 547]. 
Rothschild, B. M. 1987 [p. 255]. 
Karl, H-V. 1989 [pp. 124-129]. 
Karl, H-V. 1993 [p. 289,291,295]. 
Karl, H-V. 1994 [p. 91, fig 1.2, p. 92]. 
Kohler, R. 1995a [pp. 101-105]. 
Kohler, R. 1995b [pp. 371-384]. 
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Holotype 
Three vertebrae, a coracoid, an ilium and five smooth, unsculptured platelets which, despite an 
exhaustive search in the collections of the Brussels Museum, could not be found. The holotype 
is probably lost. 
Type locality and horizon 
A 'brick clay' in the county Waas near the village Basel close to Rupelmonde in Belgium, but 
according to Dolio (1888: 62) the holotype could also be from Steendorp near Rupelmonde. 
The specimen was found in the early Oligocene Rupelian Clay. 
Specimens referred to P. rupeliensis 
Dolio (1887a: 144-145 and 1888: 64-65) referred to P. rupeliensis some additional finds from 
the localities Terhaege, Niel and Steendorp (all found in the 'argile de Boom' (Rupelian Clay) 
in the county Waas). The holotype list of the Brussels Museum allowed me to identify three of 
these specimens, namely LG. 5.441 Reg. 1655 (fragment of humerus) listed as plesiotype R 
13, and LG. 5441 Reg. 1654 (two humeri fragments) listed as plesiotype R 14a, and R 14b, as 
the ones cited by Dollo as P. rupeliensis. Unfortunately, no mention of the secondary armour 
was made in the holotype list, but the specimens most similar to Dollo's descriptions (and 
found before 1887) carry the numbers LG. 5441 and LG. 5222 in the collections of the 
Brussels Museum. 
LG. 5441 (or 5.441) consists of the following fragments (listed with their individual number 
under which they appear in the Brussels collection): 
•Reg. 1654 (rib fragments (1654 3.D, 1654 2.D), partial humeri (R 14a/I654 D; R 14b/1654 
G), scapula fragment (1654 G), cervical centrum (1654 8), plastron fragments (1654 3.G); all 
from Niel). This material was accompanied by the following label: 'Terrain Oligocene etage 
rupelien P. rup. P. J. v. Bened. Latortue luth de Boom. Monte en 1888. Ossements 
provenant de deux individus decouvert a Niel'. The two humeri were figured by Dollo (1888: 
plate 4 figs. 7-8) and appear in the holotype list as P. rupeliensis. 
•Reg. 1655 (distal fragment of a large humerus (R 13) from Terhaege). This humerus was also 
figured by Dollo (1888: plate 4 fig. 9) and appears in the holotype list as P. rupeliensis. 
•Reg. 1656 (platelet fields consisting of very large platelets from Niel). 
The number LG. 5222 is applied to two fragments (anterior part of lower jaw and partial 
humerus) from Niel which are otherwise labelled as Reg. 1654. 
A platelet field with small platelets from Steendorp with an uncertain individual number carries 
the following label: Rupelien Superieur Psephophorus rupeliensis, V.B. Steendorp 1884. 

















Material added to the collection after 1887, and curated as P. rupeliensis, consists of: 
•LG. 8516 (restored skull, lower jaw, skull fragments, phalanges, ulna, radius, humerus, 
cervical vertebrae centra, thoracic vertebra, tibia, platelet field with smaller, smooth platelets, 
all found in 1902. Also sculptured platelet fields with large platelets, found in 1905). All this 
material was found in Niel. 
•LG. 8010 (smooth, unsculptured platelet fields with small platelets) from Niel. 
•LG. 8638 (nuchale, femur, humeri, platelet fields with both large, sculptured platelets and 
smaller, smooth platelets) from Terhaege. 
•LG. 8289* (thoracic vertebra from Niel, lower jaw (LG. 8289*/13), rib fragments (LG. 
8289*/13) and large, sculptured platelets from Rupelmonde). 
The original number is LG. 8298; I added the asterisks(*) to distinguish these P. rupeliensis 
remains from P. scaldii fossils 'which carry the same number. LG. 8289 is applied to four 
different drawers in the collection of the Brussels Museum which hold the following bones and 
labels: 
•First drawer marked as 'P. mp. Et. Rupelien. Loe. Diverses. Don Delheid 1911 Reg. LG. 
8289' holds a thoracic vertebra labelled as 'P. mp. V.B. Niel, 1893'. 
•Second drawer marked as 'P. mp. Et. Rupelien. Loe. Rupelmonde Don. Delheid 1911 LG. 
8289/13' contains a lower jaw and rib fragments, which don't carry individual labels. 
•Third drawer reads 'P. mp. Et. Rupelien. Loe. Rupelmonde Don. Delheid 1911 l.G. 8289 
trouvee 1898' and contains large, sculptured platelets. 
•The fourth drawer reads 'P. scaldii. Et. Scaldisien. Loe. Anvers, 1884. Don. Delheid. Reg. 
LG. 8289'. This drawer contains a left femur and a right radius with the labels: Femur gauche 
et radius droit de Psephophorus scaldii. Les precieux ossements ont ete recueillis !ors des 
fouilles du basin Africa, 1884, a Austrusreel, voie droite de l'Escaut. Coll. Delheid' and 
another label reads 'Scaldisien inferieur Psephophorus scaldii, V.B. Bassin Africa, Anvers 
1884 Ann. de la Ste. Scientifique de Bruxelles 1887'. 
Material not held in the Brussels Museum but also referred to P. rupeliensis is represented by: 
•A partial dermochelyid scapula (F.G. 232/1) from Oligocene (Rupelian) deposits at Espenhain 
near Leipzig, Germany which was included in P. rupeliensis by Karl (1989). 
•A now-unavailable skull fragment from late Oligocene (Chattian) strata near Doberg, Germany 
(lost during the Second World War) originally described as Chelonia ingens Koenen, 1891, 
and afterwards placed into the new monotypic genus Pseudosphargis by Dames (1894a: 207), 
was also referred to P. rupeliensis by Karl (1993: 291). 
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Possible fossils of P. rupeliensis were found in late Oligocene strata in Peru (no stage 
available). This material is until today neither described nor published on; the only information 
available to me is a photocopy of a carapace fragment which R. C. Wood kindly gave me. This 
fragment shows very large, unkeeled platelets which are similar in size and shape to platelets of 
P. rupeliensis, with the only difference that they apparently don't show a fine, radiating ridge 
and groove pattern (see discussion below). These Peruvian fossils are, apart from one 
fragment owned by R. C. Wood, in private collections and not available for study (R. C. 
Wood, personal communication, June 1995). 
Comments 
Beneden ( 1883a: 132), when first mentioning the fossil bones of the holotype specimen of P. 
rupeliensis, proposed to include them into Sphargis [= Psephophorus] pseudostracion. Later in 
the same year he published on the same material, with a description and figures, and proposed a 
new species, Sphargis [= Psephophorus] rupeliensis. In his first account (1883a) he listed: 
vertebrae, bones from the pelvic and sternum region, and platelets. As Dollo (1887a: 141, 
footnote 1, and 1888: 60, footnote 5) pointed out, Beneden made a mistake in using the word 
sternale (sternum) instead of scapulaire (scapula), as there are no sternal, i.e. plastron elements 
present. 
Karl only justified the addition of a dermochelyid scapular fragment to P. rupeliensis by its 
similar age, but it could also belong to another dermochelyid species. Fossils curated in the 
Brussels Museum prove that two distinctly different species of Psephophorus (see discussion 
below) were contemporaneous in the European Rupelian. His reallocation of the lost skull of 
Pseudosphargis ingens to Psephophorus rupeliensis is also doubtful. The holotype of 
Pseudosphargis ingens only shows the posterior part (parietal-postfrontal region) of a large 
skull (Karl, 1993: fig. 1), and similarities to a skull of Psephophorus sp. (I.G. 8516, found in 
1902) as well as to a skull of Eosphargis gig as (BMNH R 31) exist (see discussion of 
dermochelyid skulls on page 142). 
What is P. rupeliensis ? 
The lost holotype material of P. rupeliensis, as figured by Beneden (1883b ), contains five 
apparently smooth and unsculptured platelets of the secondary armour. These platelets are 
similar in thickness and size to platelets from other species of Psephophorus, and can thus not 
be used to identify P. rupeliensis. The other holotype bones are either not known from 
Oligocene or Miocene species or don't show significant differences to these. The secondary 
armour fragments referred to P. rupeliensis by Dollo (1887a) (not certainly but very likely I.G. 
5441 Reg. 1656) differ distinctly from the figured holotype platelets. The platelets of these 
referred fragments are very large (see Table 3 below) and show a fine, radiating sculpturing 















each other (see Fig. 61). Dolio (1887a: 153) mentioned this peculiar sculpturing ("La surface 
des plaques serait rayonnee d'un cote et lisse de l'autre") but did not comment on the difference 
to Beneden's holotype. Additionally Dolio never mentioned the large difference in platelet size 
between the armour fragments which he referred to P. rupeliensis and other fossil 
dermochelyids such as P. polygonus. In the specimen which Dolio referred to P. rupeliensis 
(LG. 5441 Reg. 1656) the largest platelets are incorporated into distinct rows which run 
parallel to each other, but do not show keels. In other dermochelyids (apart from P. 
terrypratchetti) larger platelets are likewise arranged in rows, but they always carry a more or 
less distinct keel. I compared measurements taken from these distinct rows of large platelets 
with measurements from ridge platelets of other species, and measurements of platelets from 
between these rows (inter-ridge platelets) with measurements from inter-ridge platelets of other 
species. As can be seen in Table 3, the platelets of P. rupeliensis, sensu Dolio (LG. 5441 Reg. 
1656) are about three times as large as the average dermochelyid platelets. This difference in 
platelet size is also obvious between the row platelets of P. rupeliensis, sensu Dolio and the 
ridge platelets of other species. 
TABLE 3 Average surface area of inter-ridge platelets for all available dermochelyids. The 
measurements for P. rupeliensis (LG. 8289) were taken in regions between distinct rows of 
larger platelets. 
Taxon surface area in number of 
mm square measurements 
D. coriacea 45 50 
P. polvRonus 533 32 
P. calvertensis 684 57 
P. (?) oreRonensis 685 8 
P. ruoeliensis 2517 45 
P. eocaenus 276 19 
P. terrypratchetti 784 100 
Cosmochelys dolloi 476 48 
Psephoohorus SP., Sharktooth Hill 476 33 
Pseohoohorus sp., Peru 840 9 
Psevhovhorus sp., Italy 675 24 
Psephophorus sp., Seymour Island 445 14 
An important feature which Dolio pointed out were small keels, in an otherwise unkeeled 
specimen, which he did describe as follows (Dollo, 1887a: 149, footnote 1, translated): "There 
are in places some small, very obtuse, almost not visible convexities which slightly resemble 
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keels, but never sharp keels [ ... ] which characterise Sphafgis [= Dermochelys] coriacea." I 
could not find these 'very obtuse' keels in Dollo's material, but a different specimen of P. 
rupeliensis (I.G. 8516, found in 1902), which derived from the same locality (Niel), was 
found to have quite distinct keels. 
Further secondary armour fragments which were added to the Brussels collection after 1887 
comprise the following types: 
• Very large platelets with a distinct radiating pattern (P. rupeliensis, sensu Dollo) 
• Average sized, smooth platelets with distinct keels (P. rupeliensis, sensu Beneden). 
LG. 8516 represents both of these types of secondary armour. These two different armour 
fragments originally came from the Niel collection of Pauw and were added to the Brussels 
collection on the same day (28 August 1918). However they did not derive from the same 
animal because the very large platelets were collected in 1905, whereas the ridged armour 
fragments were collected in 1902. 
The specimens curated under the number LG. 8638 also represent these two different types of 
secondary armour, but in this case it was impossible to refer the non-armour fragments to either 
of these types. LG. 8638 was donated to the Brussels collection in 1922 by the private 
collector Hasse. 
Fossils identified as P. rupeliensis are represented by two different types of secondary armour. 
I regard this difference in the secondary armour as proof for the existence of two different 
species in the Rupelian of the county Waas in Belgium. This leads to the question: which one 
of these two species should be called P. rupeliensis? 
Conclusion 
Because the holotype is described with smooth, average sized platelets, only animals with this 
type of armour should be included into P. rupeliensis. This would, however, make P. 
rupeliensis a junior synonym of P. polygonus, from which it cannot be distinguished. But 
because the distinctly different material assigned to P. rupeliensis by Dollo was accepted as 
species specific by later workers (e.g. Dames, 1894a; Rothausen, 1970), and because the 
holotype is lost, I base my understanding of this species on Dollo' s material. 
P. rupeliensis (sensu Dollo) is regarded here as being represented by LG. 5441, LG. 8516 
(material found 1905), LG. 8638 (in parts), LG. 8289* (only specimen from Rupelmonde 
found in 1898) and possibly by an undescribed late Oligocene form from Peru. The use of the 
name P. rupeliensis in this thesis refers to P. rupeliensis (sensu Dollo). Additional, non-
armour fragments may also form part of P. rupeliensis as long as they are not accompanied by 





















FIGURE 61 P. rupeliensis sensu Dollo (I.G. 8516 [found 1905]). Secondary armour from 
the Oligocene Rupelian Clay, Niel, Belgium, showing the radiating groove pattern on the 
external side of the platelets. Scale x 0.33. 
The material represented by average sized, smooth platelets which may or may not have keels 
preserved (I.G.? [individual number uncertain], I.G. 8010, I.G. 8638 (in part), I.G. 8516 
(found in 1902)) appears to be virtually identical to P. polygonus and is probably conspecific 
with this species. 
A Psephophorus skull (see Fig. 58) housed in the Brussels Museum (LG. 8516 found in 1902) 
is composed of many fragments embedded in plaster. The reasonably well preserved skull-roof 
and the facial region are typical for dermochelyid turtles. A notch in the preserved right maxilla 
makes this skull more similar to skulls of D. coriacea, Eosphargis gigas, and LACM 
4956/ 127937 from the middle Miocene of North America, than to the holotype of P. (?) 
oregonensis (see also discussion of dermochelyid skulls on page 142). Additional skull 
fragments were listed by Dollo in 1887 a (p. 144-145) and 1888 (p. 64-65) for 
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a specimen from Niel. However, the only skull fragment found in the Brussels collection 
wh ich could represent this material is the anterior part of a lower jaw (I.G. 5222 Reg. 1654). 
Psephophorus eocaenus Andrews, 190 I 
Chronological list of publications mentioning Psephophorus eocaenus 
Andrews, C. W. 1901 [pp. 440-441, fig. 3]. 
Reinach, A. von 1903 [p. 58, 59]. 
Andrews, C. W. 1906 [pp. 275-277, fig. 87 (which is identical with fig . 3 of 1901)]. 
Palmer, W. 1909 [p. 373]. 
Dacque, E. 19 12 [pp. 299-30 I , fi g. 8, a reconstruction]. 
Packard , E. L. 1940 [p. 23]. 
Mi.iller, A. H. 1968 [p. 93, fig. 112; (fig. after Dacque)J. 
Broin , F. de and Pironon, B. 1980 [p. 596]. 
Karl, H-V. 1993 [p. 291]. 
Karl , H-V. 1994 [fig. 1-1 (fig. after Mi.iller)]. 
Kohler, R.1995a[pp.101-106]. 
Holotype 
A 19 cm Jong, partial left humerus. The holotype is in the Egyptian Geological Museum 
(C. I 0028). A plaster cast (BMNH R 3017) is held in the British Museum of Natural History, 
London (see Fig. 44). 
Type locality and horizon 
Qasr el-Sagha beds north of Birket-el-Qurum, Fayum, Egypt. The age was given by Andrews 
( 1906: 275) as middle Eocene; Gingerich (1992: 51) gave a Priabonian age for those beds. 
Muller ( 1968: 93) stated late Eocene and Broin and Pironon (1980: 596) gave a middle or late 
Eocene age. The detailed account by Gingerich ( 1992) for the age of the Qasr el-Sagha beds is 
believed here to best establish the age. 
Specimens referred to P. eocaenus 
Andrews ( 1901: 440), in his holotype description, briefly mentioned the existence of carapace 
fragments "The Atheca are represented by a humerus and possibly some masses of scutes". 
These 'scutes' could not be located in the British Museum, and I doubt that Andrews actually 
collected these. There is another very brief comment in Andrews (1906: 277), which mentions 
a "proximal half of a humerus, much sand-worn" (from the same locality as the holotype) with 
the collection number BMNH R 3352 which I could examine in the British Museum of Natural 
History. Dacque ( 1912: 29) lists three more partial left humeri from the same locality , leading 
to a total of five left humeri. R. C. Wood discovered a large carapace fragment with distinct 























communication, June 1995). This until now undescribed specimen, of which I could examine 
photos (Fig. 62), is kept at Yale University (no collection number available). It shows 
unsculptured platelets carrying small keels. 
FIGURE 62 P. eocaenus (Yale University specimen). Secondary armour from the Priabonian 
north of Birket-el-Qurum, Fayurn, Egypt, showing small keels and small inter-ridge fields. 
Scale x 0.39. 
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Comments 
The figure given by Andrews ( 190 I: 441) for the holotype humerus is very poor and does not 
show many details, but his descriptions (Andrews, 190 I : 440-441 and 1906: 276) are detailed. 
[Note that the scale for the figure of 1901 and 1906 is wrong, it should read '1/3 of original 
size' instead of '1/5 of original size']. Psephophorus eocaenus shows a crista deltopectoralis 
which is not separated into distinct knobs as is the case in almost all Psephophorus specimens, 
except OU 22021 and some middle Miocene humeri from the North American West Coast (see 
discussion of OU 22021 ). 
The reported five incomplete left humeri of P. eocaenus led to an estimate length of 23 cm for a 
reconstructed humerus (Dacque, 1912), which points towards animals with a body length of 
only about 130 cm (calculations using D. coriacea measurements given by Volker, 1913). This 
small body size is further supported by the smaller platelet size as represented by the secondary 
armour of the Yale University specimen (see also Table 3). 
Psephophorus terrypratchetti Kohler, 1995b 
Synonymy: 
1993 turtle Kohler 
1994 Demwchelys sp. Marshall 
1995a Psephophorus sp. Kohler 
Chronological list of publications mentioning Psephophorus terrypratchetti 
Kc)hler, R. 1993 [p.101]. 
Marshall, B. A. 1994 [p. 2-3, wrongly cited as Dermochelys]. 
Kcihler, R. 1995a [pp. 101-106]. 
Kohler, R. 1995b [holotype description] . 
Holotype 
Parts of the platelet armour, several ribs and vertebrae held at the Geology Museum at the 
University of Otago, New Zealand (OU 22177). 
Type locality and horizon 
The holotype specimen derives from the Bortonian (middle Lutetian to early Bartonian) part of 
the Waihao Greensand near Waimate, South Canterbury, New Zealand. It was found in the 
Waihao River (south branch) at the downstream end of a meander cut outcrop near the Waihao 
Downs Homestead. 
Specimens referred to P. terrypratchetti 
























See discussion of P. terrypratchetti at the beginning of this chapter. 
Psephophorus remains not identified to species level 
Psephophorus remains not identified to species level are known from: 
• the Pliocene to early Pleistocene of North Carolina (USNM 433195, USNM 358474). 
• the Pliocene of Florida (Dodd and Morgan, 1992) (UF 53897). 
• the Miocene of the Sharktooth Hill Bonebed and other localities in California (LACM 
specimens). 
• the Miocene of Italy (Brain and Pironon, 1980). 
• the Miocene of Germany (Dames, 1894a; Schleich, 1988). 
• the Miocene of Denmark (Dyck, 1992). 
• the Oligocene of Si.ichteln, Germany (Rothausen, 1958). 
• the Oligocene of Peru (R. C. Wood, personal communication, June 1995). 
• the Oligocene of South Carolina (Weems, 1988: 137). 
• the Oligocene of Saamland, Germany (Dames, 1894a: 5). 
• the Eocene of Germany (Lienau and Schleich, 1986). 
• the Eocene of South Carolina (R. C. Wood, personal communication, June 1995) . 
• the Eocene (and probable earliest Oligocene) of Seymour Island (Fuente et al., 1995: 11; 
Anonymous, 1995: 7-9) . 
• the Eocene of Alabama (Muller, 1847; Thurmond and Jones, 1981) (USNM 023699, TM 
8566, TM 8565). 
• the Eocene of Bracklesham in England (Woodward, 1889) (BMNH R 1500). 
Comments on the above listed material 
The Psephophorus material of presumed Pliocene to early Pleistocene age from North Carolina, 
derives from a phosphate mine (Lee Creek Mine) and is represented by one ridge platelet 
(USNM 358474) and by one unridged platelet (USNM 433195) of average Psephophorus size 
and thickness ( 11 mm). These specimens were collected on the south side of the Pamlico 
River, near Aurora, Beaufort County by P. J. Harmatuk. Unfortunately it is not known 
whether the material was found in situ or, more likely, derived from spoil piles . However, 
Mclellan ( 1983: 25) stated that "Most fossils are collected by prospecting the spoil piles 
(mostly Yorktown and overlying formations), but some are obtained from ore residue and from 
coarse rejects at the mill (mostly Pungo River Formation)". Considering that the south side of 
the Pamlico River was used to deposit spoil (Mclellan, 1983: 29), it appears more likely that 
the dermochelyid platelets came from these spoil piles of Yorktown age. The sediments mined 
at Lee Creek Mine range from the middle Miocene Pungo River Formation (Langhian) to the 
Pliocene to early Pleistocene Yorktown Formation (Zanclian to Calabrian) (Gibson, 1983). It 
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seems likely that the fossil dermochelyid elements are from the Pliocene to early Pleistocene 
Yorktown Formation rather than from middle Miocene strata. 
The described Pliocene Psephophorus fragments from Florida (UF 53897) consist of a single 
isolated, average sized, unsculptured platelet. This platelet was found in phosphatic deposits of 
the Bone Valley Formation, which is, according to Dodd and Morgan (1992), early Pliocene 
(late Hemphillian) in age. 
The Miocene Psephophorus remains from California derive in their majority from the 
Barstovian (North American land mammal age) Sharktooth Hill Bonebed. The accompanying 
platelets and platelet fields show keels and are comparable in thickness and size to other 
Miocene carapace elements (see Table 3). The following fossil bones reported from the 
Sharktooth Hill Bonebed were referred to Psephophorus (a question mark indicates an 
incomplete location/collection number): 
(LACM 3162/ 129867 (femur, tibia and fibula), LACM 1625/21063 (thoracic vertebra without 
neural walls), LACM 6688/44596 (left humerus, Fig. 50), LACM 3160/51876 (proximal part 
of right humerus), LACM 6688/50609 (proximal part of right humerus), LACM ?/21039 
(caudal fragment of coracoid), LACM 1625/21086 (caudal fragment of coracoid), LACM 
1557/? (?fragment of radius), LACM 1557/21205 (scapula fragment), LACM 1557/4543 
(proximal part of thoracic rib), LACM 1625/49157-49160 (cervical vertebrae), LACM 
4672/Sq. 27-B (right humerus), LACM 4672/Sq. 27-G+H (right humerus), LACM 4956/4-E-
4 (scapula fragment), LACM 1557/48775 (left humerus, Fig. 49), LACM 1622/103358 
(?ulna), LACM 1557/6979 (cervical vertebra), LACM 1557/21199 (pubis), LACM 3160/50879 
(scapula), LACM 4956/127937 (22 skull bones which could be assembled in a skull), LACM 
no number, labelled as 'Andrea 21 Aug 1993' (23 skull fragments, cervical centrum), LACM 
1625/103361 (right jugale), LACM 1557/4511 (right postfrontal), LACM 3162/? (two isolated 
platelets), LACM 4956/? (17 isolated platelets), LACM 3207 /75385 ( one ridge platelet), LACM 
4956/9-A-3 l (right humerus), LACM 4867 /122224 (small, four to five platelets wide platelet 
fields with ridges, isolated platelets, thoracic vertebra centrum, two proximal parts of thoracic 
ribs which lack a medially extending costal plate process, i.e. costal roof). 
Other Californian specimens are from slightly younger middle Serravalium to early 
Tortonian (North American land mammal age Clarendonian) strata from Laguna Niguel, Aliso 
Creek, Mission Viejo, and Thousand Oaks in Orange County: 
LACM 6902/37571 (radius), LACM 1101/122441 (fibula), LACM 4681/? (60 to 70 isolated 
platelets, some keeled), LACM 1101/? (50 to 70 isolated platelets, some with keels), LACM 
1101/41585 (scapula), LACM 4546/120091 (90 to 100 isolated platelets, some with keels), 
LACM 4546/120091 (about 40 isolated platelets, some keeled), LACM 1348/4094 [from 





























(six small platelet fields and four isolated platelets). The Thousand Oaks carapace fragments 
show an unusual histology. The platelets are, in some areas on their external side, tightly fused 
together; they share the outermost layers of dense primary bone. As can be seen on the internal 
face of the platelet fields, the carapace started with distinct ossification centres, forming the 
usual polygonal platelets. Later in life the ossification pattern changed to larger, four to six 
platelet wide sheets of externally added primary bone (Fig. 64). This is not the only case where 
this aberrant ossification could be observed; it also occurs in P. calvertensis (USNM 364381 ). 
FIGURE 63 Psephophorus sp. (LACM 1348/4094). Ventral view of skull from the Miocene 
Sharktooth Hill Bonebed, Kern County, California, USA. Scale x 0.36. 
The skulls from the Californian Miocene represent two different types of dermochelyid turtles. 
One type, represented by the two lots of skull fragments from the Sharktooth Hill Bonebed 
depicts a notch in the maxilla, similar to a skull of Psephophorus sp. (l.G. 8516). A second 
type, which does not possess these notches is represented by a specimen from Point Fermin 
(LACM 1348/4094). This skull type is otherwise only reported from the holotype of P. (?) 
oregonensis (see discussion of dermochelyid skulls on page 142). The North American land 
mammal ages are correlated with European Stages following Ray (1977b). 
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The Italian specimen was found in middle Miocene (Langhian to Serravallian) deposits and is a 
larger platelet field (nine by nine platelets wide) without any keels (confirmed by own 
observations). The platelets are smooth and of average size (see Table 3) . The lack of ridges in 
a platelet field nine by nine platelets wide, may indicate a species similar to P. terrypratchetti. 
This could imply a lineage of unkeeled dermochelyids leading from the New Zealand Eocene 
form to this Miocene specimen. It could, however, also indicate a possible secondary loss of 
keels . Additional finds may clarify whether ridges were present on this species or not. The 
Italian specimen does not carry a collection number, it is held in the MnHN. 
2cm 
FIGURE 64 Psephophorus sp. (LACM no number, from 'Thousand Oaks'). Example of an 
aberrant primary bone layer on a secondary carapace from the Miocene at Thousand Oaks, 
Orange County, California, USA. The platelet fields are shown from their external (a) and their 
internal side (b). 
The German Psephophorus material from the Miocene is only represented by very few 
fragments. The specimens mentioned by Dames ( 1894a) consist of two small platelet fields 
with 22 mm thick and smooth platelets, and two phalanges. The age for this material was given 
by Rothausen ( l 986 : 536) as Serravallian. Schleich (1988 : 297) gave an early Aquitanian age 
for hi s specimen which is only mentioned as (page 299) "3 fragmentare Hautknochenplatten". 
















The Miocene specimen from Denmark was briefly mentioned and figured (photo) by Dyck in 1992. He 
cited a late Miocene·age for this Psephophorus carapace mold which shows an imprint of about 60 
platelets, but he did not give any measurements or even a scale for this figure. Evidence for keels cannot 
be found on the published photo. 
The Oligocene Psephophorus fragments from South Carolina are solely mentioned as (Weems, 1988: 
137) "Recently, a partial skeleton with a Psephophorus-type dermal shield was found in the late 
Oligocene Chandler Bridge Formation near Charleston, South Carolina". 
The Oligocene Psephophorus remains from Germany are represented by three different finds. A few 
isolated and badly preserved platelets which compare in thickness with other Oligocene armour 
fragments (Psephophorus sp.) from the collection in Brussels, are mentioned by Rothausen (1958), who 
gave a late Oligocene or Chattian age for this material. An other find was first described by Dames 
( 1894a) and consists of about 20 platelets with around 12 mm thickness each. The age for this material 
was given by Dames as early Oligocene. Information on sculpturing or keels is not available. Further 
secondary armour fragments (23 isolated platelets) from the Chattian near Doberg were briefly 
mentioned by Rothausen (1970). 
The Peruvian Psephophorus remains are, according to R. C. Wood, late Oligocene in age and only 
known from their secondary armour) which in at least one case, clearly shows a dorsal, as well as a 
ventral armour. These fragments are big (up to 1.5 m long) and made up by platelets which are up to 73 
mm long and57 mm wide and do not show any keels. A photocopy of a platelet field (courtesy of R. C. 
Wood) shows that larger platelets are arranged in rows, surrounded by smaller platelets. The platelets are 
apparently completely smooth, and don't show the fine, radiating ridge and groove pattern known from P. 
rupeliensis sensu Dolio. Apart from the probable lack of the above mentioned radiating pattern, the 
secondary armour is only matched by P. rupeliensis in the size of its platelets and the occurrence of 
unkeeled rows of very large platelets. I suspect the Peruvian material to be closely related or identical to 
the species P. rupeliensis sensu Dolio, a hypothesis also supported by their similar age. 
The latest Eocene Psephophorus fossils from South Carolina are reported from a few larger platelet fields 
with keels, held in the Charleston Municipal Museum. The platelets are average in size, smooth 
externally and show the usual polygonal pattern with the ridge platelets being somewhat larger. (All 
information on this material refers to personal communications with R. C. Wood who was able to study 
these specimens). 
Some Psephophorus carapace fragments (UCR no number) from the La Meseta Formation of Seymour 
Island, Antarctica were found in January 1995 by M. 0. Woodburne, who originally thought them to be 
ossicles of Glyptodon. His field notes (appendix E herein) describe three, 2 to 3 platelet wide carapace 
fragments of a dermochelyid turtle, which are between 9.7 to 
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13.6 mm thick. These unkeeled platelets, which have an average surface area of 445 mm2, 
show a dense outer layer of primary bone of about 2 mm thickness. He further described small 
'pits' in the centre of some platelets. The occurrence of small foramen on the external face of 
such platelets is also known from Miocene material (LACM from the locality Thousand Oaks) 
and some Oligocene platelets of P. ?rupeliensis. Colour slides (courtesy of M . 0. Woodburne) 
show that the platelet fields are too restricted to indicate whether keels were absent or present, 
despite a suggestion by J. A. Case (Anonymous, 1995) who concluded from the fragmentary 
material that keels were absent. The age for this material is TELM (Tertiary La Meseta 
Formation) 4 (M. 0. Woodburne, personal communication, September 1995). The La Meseta 
Formation as a whole is considered to be late Eocene to earliest Oligocene in age; a more exact 
correlation with European Stages is not possible. 
Further Psephophorus fragments discovered on Seymour Island by an Argentinian team 
(Fuente et al., 1995) are held in the Museo de La Plata. The find was made public in May 1995 
with a talk at the 'XI Jornadas Argentinas de Paleontologia de Vertebrados' in Tucuman, 
Argentina. It consists of three isolated platelets (MLP 92-II-2-113, MLP 88-1-1 -354, MLP 95-
I-l0-11/12/13) found in TELM 4/5, and a small platelet field of four articulated platelets (MLP 
94-III-15-28) from TELM 3/4. These fragments were only briefly described as being larger 
and thicker than in D. coriacea; measurements were not given. The age for the Argentinian 
material (TELM 3/4 and 4/5) remains uncertain due to the problematic correlation of the La 
Meseta Formation with European Stages, however, a late Eocene age appears most likely. 
The Seymour Island turtles form the only other record for probable Eocene 
Psephophorus fossils in the Southern Hemisphere apart from New Zealand. The lack of larger 
armour fragments does not allow a statement about possible relationships to other dermochelyid 
species. 
Late Eocene Psephophorus remains from North America are only reported from fragments of 
platelet armour from Alabama. Two of these fragments are now in the collections of the 
Teyler's Museum in Haarlem (TM 8565, TM 8566) (Fig. 65). None of these platelet fields is 
wider than two average sized platelets. 
Another specimen from Alabama is held in Washington (USNM 023699) and, 
according to the catalogue (the specimen was loaned to R. C. Wood and I could not examine it) 
it consists of "about 200 fragments of carapace and plasteron [sic]". R. C. Wood sent me a 
photocopy of five platelets of USNM 023699 which form part of a keel. These ridge platelets 
point towards ordinary keeled carapaces, as they occur in the vast majority of all fossil 
dermochelyids. Judging from USNM 023699 the Eocene dermochelyids from Alabama thus 
form the oldest reliable record of animals with a ridged carapace built by smooth platelets. A 
further carapace fragment from Alabama is figured by Carus (1848: plate 39, fig. 5), it shows a 
small platelet field with average sized platelets . The whereabouts of this fragment are 
























in Haarlem were exhibited last century as part of a composite skeleton of at least five 
archaeocete whales (Kellogg, 1936: 4). This famous 'Hydrarchos' skeleton was built by 
Albert Koch who travelled around North America and Europe collecting entrance fees for his 
exhibition of the " ... most ferocious sea monster known to mankind." 
FIGURE 65 Psephophorus sp. (TM 8565 , TM 8566). The two armour fragments held in 
Haarlem of the 'Hydrarchos' armour from the Eocene (?Ocala Limestone), Alabama, USA. 
Scale x 0.66. 
The following short list demonstrates the interesting and controversial history of these 
'Hydrarchos' platelets, and the ongoing changes in their interpretation between 'Hydrarchos' 
(i.e . archaeocete) armour and Psephophorus armour. 
0 In 1845 Koch for the first time figured a platelet field and described it as a remnant of the 
dermal armour of 'Hydrarchos', then thought to be a reptile . 
•In 1848 Carus (plate 39, fig . 5) figured a small platelet field, three to four platelets wide and 
smooth, as 'Hydrarchos' armour. He correctly identified the other 'Hydrarchos' bones as 
cetacean. Carus (1848: 14, translated)"[ .. . ] the very peculiar and curious fragments of a 
dermal armour, divided into polygonal fields, of which a few large pieces could be found 
amongst these bone remnants." and on p. 15 "Because until now not one piece of this armour 
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was found directly resting on a skeleton fragment of the Hydrarchos, it remains unproven 
whether the armour really belongs to this animal [ ... ]". 
•In 1849 Mi.iller, in his book on fossil remains of North American Zeuglodonts showed (plate 
27, fig. 7) yet another small platelet field which according to him (p. 31) cannot definitely be 
associated with any known animal, although he mentioned a similarity to a Dermochelys 
carapace whi.ch he saw in the collection of the Zoological Museum in Padua. 
•In 1851 Koch confirmed Cams' opinion and related the armour to the archaeocete Zeuglodon 
macrospon.dylus. Koch ( 1851: 11, translated) 
The in polygonal fields subdivided skin, of which I found a few well preserved parts right 
next to the Zeuglodon macrospondylus, and which is presumed to have formed the cover 
of this animal, consists of bony shields which rest in a tough leathery skin and which carry 
a thin enamel-like layer on their outer surface. 
[According to Kellogg (1936: 15) Z. macrospondylus is a junior synonym of Basilosaurus 
cetoides]. 
•In 1880 Seeley (p. 410) mentioned the similarity of the 'Hydrarchos' platelets to 
Psephophorus armour but did not make a definite statement. 
• In 1883 Ben eden ( 1883b: 67 4) stated that Fuchs and Hauer apparently realised the 
dermochelyid character of the Alabama platelets. 
•In 1888 Dollo (p. 73) cited the Alabama platelets as proof for the occurrence of 
Psephophorus in the North American Eocene. 
•In 1889 Woodward (p. 11) expressed the opinion that the platelets belong to a Psephophorus 
armour. 
•In 1894 Dames (1894a: 217) examined a section through one of those platelets and 
concluded that they did not derive from a Psephophorus armour. 
•In 190 I Lydekker gave his opinion (p. 652) that the platelets of the famous 'Hydrarchos' (he 
referred to the fragments held in Haarlem) must be seen as an original body armour 
protecting the dorsal fin of early whales. He cited extant porpoises which show small spines 
and bony tubercles in the region of the back-fin and he also referred to the microscopic 
structure of the platelets for supporting his idea. 
• In 190 I Abel tried to prove that this armour indeed formed part of a dermal skeleton of an 
archaic whale. Abel also (p. 304) wrote that there is not only Koch's specimen(s) showing 
archaeocete material together with platelets, but yet another find which was supposedly 
described by Carus in 1848 as also showing platelets accompanied by archaeocete remains. 
Despite carefully reading Carus' 1848 paper I cannot confirm that dermochelyid armour was 
found together with archaeocete remains more than just once (Koch, 1845). The carapace 
fragment figured by Carus is,however/not the same as the fragments figured by Koch (1845), 
Mi.iller ( 1849) and Lydekker (1901) which are now held in the Teyler's Museum. 


























Dermochelys coriacea, noted that 'Zeuglodon', as an apparently littoral whale, showed a 
platelet armour. 
• In 1909 Palmer (p. 371) wrote that the Alabama platelets belong to a Psephophorus armour. 
•In 1912 Dacque (p. 299) stated that (translated) "The alleged occurrence of this genus 
[Psephophorus] in Alabama is due to a mistake." 
•In 1921 Winge (p. 56-59) was very cautious to state whether the Alabama platelets are of 
turtle or whale origin, but he indicated that he believed them to be Psephophorus remains. 
• In 1981 Thurmond and Jones (p. 135) listed the 'Hydrarchos' platelets under the caption 
'Family Dermochelyidae'. 
• In 1992 Dodd and Morgan again raised doubts on the interpretation as turtle armour (p. 1) 
"The very few published records of Tertiary sea turtles from the Gulf Coastal Plain include a 
questionable Eocene dermochelyid from Alabama ... ". 
There are at least five localities (Alabama, New Zealand, Seymour Island, Nigeria, and Egypt 
(Fayum)) where dermochelyid fossils have been found in the same formations as archaeocetes 
(Kohler, 1993). It therefore seems to be most likely that Koch, while collecting and 
assembling his 'sea monster', added parts of a Psephophorus armour to his creation. 
But the most explicit discussions (Dames, 1894a; Lydekker, 1901) on the nature of the 
Hydrarchos' platelets (both rely on interpretations of thin-sections) came to the conclusion that 
they are not of a Psephophorus armour. 
After examining various thin-sections of Psephophorus armour from New Zealand, and figurec 
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thin-sections of P. polygonus and P. ?rupeliensis, ahd comparing them with the descriptions 
and figures of the 'Hydrarchos' thin-sections, I could show that the platelets in question are 
indeed part of a Psephophorus armour (see chapter on thin-sections page 168). 
Also the change in the location of the armour, first on the lower jaw of 'Hydrarchos' (Koch, 
1845, 1847) and afterwards (Abel, 1901) on the back fin, leaves some doubt whether those 
platelets were found with the whale bones or not. Abel (1901: 297) cited Koch (1851) as 
stating that ( translated) " ... those platelets were found right next to other skeletal parts of 
Zeuglodon." I consider the dermochelyids from Alabama to be of the same age as 
accompanying archaeocetes, namely Priabonian (see section on archaeocetes for an age 
discussion). 
The Eocene Psephophorus remains from Germany are only represented by two isolated, 
smooth platelets from Priabonian strata near the city Helmstedt in the county Niedersachsen. 
They are briefly mentioned and figured in Lienau and Schleich (1986: 335), who gave a 
minimum thickness of 6 to 8 mm for these slightly eroded platelets. 
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The exact locality for the British specimen (Fig. 66) from near Bracklesham, Sussex, England 
is unknown ; their age was deduced from adhering matrix, identified on ly as Bracklesham Beds 
by Woodward ( 1889: 12), to be middle Eocene. Hooker (1986: 205) gave an earliest Lutetian 
to Bartonian age for these Bracklesharn Beds. The platelets show no apparent sculpturing, but 
whether there were keels present cannot be determined with a platelet field which is on ly three 
by two platelets wide and which coul d easily have formed part of an inter-ridge field. 
FIGURE 66 Psephophorus sp. (BMNH R 1500). A small platelet-field from the Eocene 
Bracklesham Beds, Bracklesham, Sussex, England. Scale x 0.5. 
THE GENUS DERMOCHELYS 
This genus differs most distinctly in its secondary armour from the genera Psephophorus and 
Cosmochelys which possess a secondary armour built by 8 to 22 mm thick polygonal platelets. 
The genus Dermochelys shows platelets which are smaller, more numerous and by far thinner 
( 1-4 mm thick). In fossil dermochelyids where keels are present, the ridge platelets form 
uninterrupted keels, whereas in Dermochelys the keels are sharp and serrated. 
These serrated keels are due to larger platelets carrying a peak-like dorsal extension of the keel, 
and small er platelets between them with only a slightly accentuated keel (Fig. 67). Fossils of 
the gen us Dermochelys are rare; they are only reported from two platelets from the P liocene to 
earl y Pleistocene of North Carolina (USNM 358306, USNM 358308). These dermochelyids 
from North Caro lina derive from the Lee Creek Mine; they were found together with 
Psephoph.orus platelets on the south side of the Pamlico River, near Aurora, Beaufort County 
(see also page 121). The two platelets USNM 358306 and USNM 358308, are between 4 and 
5 mm thick, with one showing a sharp, narrow keel with a peak in its centre (Fig. 68). This 
appearance of thin and small platelets in the Pliocene to early Pleistocene may be linked to 























FIGURE 67 Comparison of ridge platelets of P. calvertensis (USNM 358053), upper row, 
and D. coriacea (USNM 6349 l) , bottom row . 
FIGURE 68 Dermochelys sp. (USNM 358308). Ridge platelet from the Pliocene/early 
Pleistocene Yorktown Formation, Lee Creek Mine, Beaufort County, North Carolina, USA. 
Scale 0.66. 
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THE EVOLUTION OF THE SECONDARY CARAPACE 
The Belgian paleontologist Louis Dollo (1857-1931 ), who is better known for his work on 
dinosaurs, also contributed important papers on the paleontology and evolution of 
dermochelyid turtles. During his work in the Royal Museum of Natural History in Brussels he 
described and discussed Belgian Psephophorus remains which were found in good numbers 
during this time. In 1893 he published a paper called 'Les lois de !'evolution' in which he 
layed down an evolutionary law now commonly referred to as 'Dollo's law'. Dollo's law 
states, in its simplest form, that 'evolution is irreversible', or in other words, that complex 
structures, once lost, cannot be regained in their original form. 
This law was used by Dollo ( 1901) to explain the evolution of the secondary carapace in 
dermochelyid turtles, after he finally succumbed to Baur's theory (e.g. Baur, 1889) that 
dermochelyids are a relatively young group which evolved from marine turtles which possessed 
a fully functional primary carapace. In earlier publications Dollo (1887a, 1888) passionately 
defended a theory which regarded dermochelyid turtles as very primitive and ancient forms, 
which he placed in their own suborder (Atheca). 
Dolio (1901) explained the evolution of the secondary carapace as an adaptation of highly 
derived pelagic turtles with a severely reduced primary carapace, to a more littoral habitat which 
forced these animals to develop a secondary carapace for protection. 
secondary carapace, pelagic 
1 
secondary carapace, littoral 
1 
primary carapace reduced, pelagic 
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FIGURE 69 Dollo's (1901) hypothesis for the evolution of the secondary carapace. Note: this 
figure is not a phylogeny but merely illustrates possible successive grades in an increasingly 
pelagic lifestyle. 
Dollo's law implied that it was not possible for these pelagic turtles to reverse the evolution of 
their primary carapace to a more primitive form in which the body is better protected. Apart 
from the complete lack of fossil evidence for Dollo's hypothesis on the evolution of the 
secondary carapace, his hypothesis is also quite complicated because he needed a change in 

























reduced primary carapace), then back to a littoral form with a secondary carapace, and finally to 
a pelagic form with a secondary carapace as represented by Dermochelys (see Fig. 69). 
Furthermore there are inconsistencies in his hypothesis. 
A) Fossil dermochelyids with a thick secondary armour (Psephophorus) have parathalassic 
humeri which are adaptations for a pelagic life. 
B) The fossil record provides no evidence of a more littoral lifestyle in any dermochelyids or in 
their presumed predecessors. 
The existence of a thick secondary armour could, therefore, not be used as an indicator for a 
littoral habitat unless there was other skeletal evidence of such a lifestyle, such as thalassic 
humeri (which are lacking). Dollo's hypothesis was applied only once again by Halstead and 
Middleton ( 1976a: 62) in a short discussion of C. dolloi. 
This development of an entirely new type of protective armour suggests that Cosmochelys 
had changed its way of life somewhat, and had become either a shore or near-shore 
dwelling form in which a strong armour was necessary for survival. 
This interpretation of C. dolloi as a shore or near-shore (littoral) animal is based solely on the 
existence of a thick secondary armour, for no other skeletal elements which would support a 
littoral life are known from this species. 
Dollo's hypothesis is based on the assumption that the evolution of the secondary armour is due 
to the need for a defensive structure. Conversely, maybe the secondary armour did not evolve 
for protection but served a different purpose. 
An alternative hypothesis (Fig. 70) is that the evolution of the secondary armour occurred in 
pelagic turtles to uphold the structural stability which decreased as the primary carapace became 
more and more reduced. The fossil record shows that a very strong reduction of the primary 
carapace occurred at least twice in marine turtles, in the Cretaceous (Protostegidae) and in the 
early Tertiary (e.g. Eosphargis). In these turtles only the proximal parts of the costal plates 
remained fused to each other and the neurals, and the rigidity of the shell was retained by a 
strong median dorsal structure built by fused neurals, and by a ring of marginals into which the 
distal ends of the ribs inserted. The protostegids still possessed horny scales on their strongly 
reduced primary carapace (Zangerl, 1953), whereas Eosphargis was described by Nielsen 
( 1963: 286) as being devoid of these scales. I regard this absence of horny scales as an 
indicator for an external covering of the carapace of Eosphargis with skin. This skin probably 
presented an advantage for pelagic turtles in that it helped to reduce drag. 
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FIGURE 70 My alternative hypothesis for the evolution of the secondary carapace. Note: this 
figure is not a phylogeny but merely illustrates possible successive grades in an increasingly 
pelagic lifestyle. 
If Doll o's hypothesis were correct, this highly pelagic animal with its more vulnerable soft skin 
would have returned to a littoral life, where it developed a secondary carapace. However, I 
cannot think of an incentive for any animal as highly adapted as Eosphargis (parathalassic 
humeri, carapace covered by skin, large flippers) to change to a littoral habitat. 
The alternative hypothesis does not need to invoke a return to a littoral habitat, if the secondary 
armour evolved in a pelagic lineage as an adaptation to preserve the structural strength of the 
skeleton. This hypothesis is supported by the fossil record which shows that dermochelyid 
humeri were adapted to a pelagic life as early as Eocene. Furthermore there is no evidence for a 
littoral habitat in any dermochelyids or their predecessors. 
In dermochelyid turtles with a secondary armour the marginal plates disappeared because they 
were no longer needed to uphold the structural stability of the reduced primary carapace. The 
loss of marginal plates is, in my opinion, directly linked with the evolution of a secondary 
carapace; no turtle with a secondary carapace has marginals, and turtles without a secondary 
carapace always carry marginals. The neurals and the remains of the costal plates also lost their 
function as a stabilising vault and were further reduced. Also the plastron could now be 
reduced to its annular shape, due to the presence of a ventral platelet armour. 
Platelet thickness suddenly decreased in the Pliocene/earliest Pleistocene (Lee Creek Mine 
specimens), after thick platelets had persisted for about 40 million years. This could have been 
a 'random' event, or it could have been caused by a selection against 'thick-shelled' species. A 

















appearance of 'thin-shelled' dermochelyids with the cooling of the seas in the Pliocene. This 
theory is outlined on the following pages . 
The extant D. coriacea maintains its body temperature at about 25° to 26° C (Paladino et al., 
1990: 858). Neill and Stevens (1974: 1008) described a leatherback which, after 24 hours in 
7.5° C cold water, still showed a body temperature of 25.5° C. D. coriacea is also reported to 
possess counter-current heat exchangers to prevent overheating (Greer et al., 1973), and very 
good insulation (extensive sub-cutaneous fat) which allows it to venture from tropical seas 
(where it breeds) into temperate seas, where it feeds on jellyfish. These adaptations allow large 
reptiles like the leatherbacks to maintain a constant and relatively high body temperature 
(gigantothermy) and high metabolic rates (Mrosovsky and Pritchard, 1971; Frair et al., 1972; 
Paladino et al., 1990: 858; and others). 
Numerous sightings of active and healthy animals in cold water (6° to 12° C) have been 
documented and are commonly explained with the massive occurrence of its main prey the 
cosmopolitan jellyfish Cyanea capillata, in the same area (Rhodin, 1982: 181; Lazell, 1980: 
291; Frair et al., 1972: 791; and others). Cyanea capillata is described to aggregate in plankton-
rich waters which are commonly found along water boundaries, such as the subtropical 
convergence zone, but they also occur in tropical and subtropical seas. 
Because the dermochelyid genera Psephophorus and Cosmochelys are only reported from 
tropical and subtropical strata, it appears very unlikely that they were already adapted for 
migrating into temperate and cold oceans. Even the occurrence of dermochelyids on Seymour 
Island (Fuente et al., 1995; Anonymous, 1995) derives from a period where surface water 
temperatures were estimated to have been between 11 ° and 19° C (Kennett, 1977: 3853). The 
occurrence of Lingula (Elliot and Trautman, 1982: 291) in the same formation on Seymour 
Island may even indicate a period with an even warmer temperature. The presumed presence of 
a southward directed, warm proto Brazil Current (which was most likely used as a migration 
route by dermochelyids), appears to support a relative warm water temperature. Francis (1986: 
677) came to a similar conclusion by interpreting fossil wood from the early Tertiary of 
Antarctica which she regarded as deriving from a mild to temperate environment. However, 
she could not explain how large growth rings could have formed in a location where sunshine is 
very restricted for at least a quarter of a year. 
Because the first 'thin-shelled' dermochelyids appeared in the Pliocene-earliest Pleistocene (Lee 
Creek Mine), I regard the evolution of homeothermic adaptations as being linked to the cooling 
of the oceans. The world climate in the Pliocene is generally described as becoming 
increasingly colder to finally reach a point where cold conditions prevailed and glaciation started 
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in the latest Pliocene-earliest Pleistocene (Axelrod and Bailey, 1969; Barron, 1973; Masako 
1990; Wolfe, 1994; Wang, 1994; Betzler et al., 1995; deMenocal, 1995). A change towards a 
colder climate necessarily restricted (compressed) the tropical and subtropical areas of the world 
oceans (Wang, 1994). This led to an increased habitat and food competition in these regions 
with the possible result that dermochelyids, which were able to utilise a food source in cold and 
temperate waters (where competition was less fierce) had better chances to survive. 
In D. coriacea the thin carapace platelets are immediately below a tough, 3 to 5 mm thick skin; 
the insulating fat lies under these platelets. I assume that a similar structure existed in pre-
Pliocene dermochelyids, with the difference that the platelets were far thicker, and the fat 
insulation far less developed. The change towards a life in temperate waters would necessarily 
mean an increase of this insulation (fat). Because a layer of relatively thick vascularized bone 
on the external side of this insulation would act as a heat exchanger and render the insulation 
below useless, the thickness of the platelets had to be reduced. Considering the above it 
appears possible to link the evolution of thin platelets with the development of homeothermic 
(gigantothermic) features in dermochelyid turtles, caused by an adaptation to cooling seas (in 
which they ventured to feed). 
I consider the occurrence of thick Psephophorus-like platelets and thin Demwchelys-like 
platelets in the Pliocene to early Pleistocene strata from Lee Creek Mine as an indicator that both 
genera lived contemporaneously over some period of time. Increased food competition in the 
more and more restricted tropical and subtropical seas probably led to the extinction of the less 











Cladistic approach to dermochelyid turtles 
Introduction 
On the following pages I will try to assess the phylogenetic relationships within the 
dermochelyid turtles. The following questions are pertinent: 
I) Do all dermochelyids belong to one lineage, ultimately ending in the modern species 
D. coriacea, or are there several lineages present? 
2) If there are several lineages, which one leads to the modern species D. coriacea? 
3) How does P. terrypratchetti fit into dermochelyid phylogeny? 
A cladistic approach is used to address these and related questions below. 
I recognised the following species as distinct dermochelyids and used them in my analyses: D. 
coriacea, P. polygonus, P. rupeliensis sensu Dollo, P. terrypratchetti, P. calvertensis, P. (?) 
oregonensis, P. eocaenus, and Cosmochelys dolloi. Two species, P. scaldii and P. 
pseudostracion, are regarded as representing subjective junior synonyms of P. polygonus. 
Dermochelyid turtles are first reported from middle Eocene strata ( Cosmochelys). They all 
show a secondary carapace which, apart from two species, carries multiple keels. The majority 
of dermochelyids were identified as such by this secondary carapace; accompanying bones 
from other parts of the body are in most cases too fragmentary, or only known from on~ 
particular find and can therefore not be compared with other dermochelyids. Furthermore, 
dermochelyids share some features like a relatively broad and blunt skull and the lack of a 
secondary palate with other, non-dermochelyid turtles (see discussion below). Thus my 
taxonomic approach is heavily based on the ornament, size and structure of the secondary 
carapace. Only in cases where the same non-armour bones are reported from different species, 
do I refer to them as well. 
Table 4, which lists all bones known from each species, was compiled to justify why I only 
used certain bones and features to evaluate the relationships within the fossil dermochelyids. 
Below I will introduce the characters which I think useful and show why other characters could 
not be used . 
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TABLE 4 A list of skeletal elements known from the derr'nochelyid genera Psephophorus and 
Cosmochelys. The Pliocene elements for P. polygonus [formerly P. scaldii] are given in 
brackets because the exact identity of these fossils is uncertain. The same applies to the skull 
listed for P. rupeliensis, which cannot be positively assigned to this species. Material which 
was originally described as holotype, but was subsequently lost and is thus no longer available 
for comparison, is not included in this table. The elements for P. rupeliensis* consider only 
material which could be identified as belonging to P. rupeliensis sensu Dolle, as discussed on 
page 111. 
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P. polygonus X X X (x) (x) (x) (x) 
P. (?) oregonensis X X 
P. calvertensis X X X X X X X X 
P. rupeliensis* X X X X (x) X (x) (x) X X 
P. eocaenus X X 
P. terrypratchetti X X X X X X 
C. dolloi X X 
PREVIOUS CLADISTIC ANALYSIS BELOW FAMILY LEVEL 
The only published cladistic analysis for marine turtles below family level is by Hirayama 
( 1994 ). The dermochelyid part of his cladogram (redrawn as Fig. 71) includes the genera 
Dermochelys (Pliocene/early Pleistocene-extant), Psephophorus (Eocene-Pliocene/early 
Pleistocene), Eosphargis (Eocene), 'HMG dermochelyid' (late Cretaceous) and Corsochelys 
(late Cretaceous). 
------ Corsochelys 
---- 'HMG dermochelyid' 
el .----- Eosphargis 
e2 Psephophorus 
Dermochelys 
FIGURE 71 'Dermochelyid' branch of a phylogenetic tree, from Hirayama (1994: fig. 11). 











Hirayama's diagnosis for his family Dermochelyidae (p. 282) reads as follows: 
Diagnosis: ossification of rostrum basisphenoidale much reduced ( confirmed only in 
Corsochelys and Dermochelys); lateral process of humerus antero-posteriorly elongate, 
with strong anterior projection (not seen in Corsochelys). 
The character 'reduced ossification of the rostrum basisphenoidale' is, according to Hirayama's 
data matrix, only known from Corsochelys and D. coriacea; it is unaccounted for his remaining 
three dermochelyid genera as well as for the Cretaceous protostegids Archelon and Protostega. 
Despite the very limited knowledge of this character, Hirayama used it as the sole indicator for a 
dermochelyid connection of Corsochelys. Additionally Hirayama indicated in his data matrix 
that this character is more derived in D. coriacea than in Corsochelys. Considering that a 
limited ossification of the basicranium is reported to occur in protostegids and dermochelyids 
(Gaffney and Meylan, 1988: 187) it appears very likely that protostegids shared this feature 
with D. coriacea and Corsochelys. 
Only detailed examinations of protostegid skulls may allow to decide whether this character can 
be considered an autapomorphy for dermochelyid turtles sensu Hirayama. 
The second autapomorphy for dermochelyid turtles listed by Hirayama concerns the 
'dermochelyid' humerus. He used as his character definition the general features of 
parathalassic humeri and divided this character in a less derived state ('HMG dermochelyid') 
and a more derived state (Eosphargis, Psephophorus, Dermochelys). I regard the existence of 
a parathalassic humerus in Eosphargis, and a very primitive parathalassic humerus in the 'HMG 
dermochelyid' (Hirayama, 1994: fig. 6), as a feature which depicts the ecology of these turtles, 
but not necessarily their taxonomic position. The change to more parathalassic humeri seems 
likely to occur in any turtles which adapt to a pelagic life, and there are no reasons to suggest 
that this change only occurred once. Furthermore a change of the food source (a possibility 
indicated by the absence or presence of maxillary notches), with the subsequent return to a 
more coastal life, could also reverse this feature. However, the refinement of the parathalassic 
humerus in the genus Psephophorus forms a well-documented succession . 
Hirayama included his 'HMG dermochelyid' into the Dermochelyidae (node el in Fig. 71) 
because of the following characters: 
1, -huge lateral process of pubis, projecting anteriorly beyond medial portion of pubis 
2, -lateral process of ischium reduced 
3, -femoral trochanters connected by ridge 
4, -nuchale with ventral knob for 8th cervical vertebra 
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5, -surangular process extending anteriorly onto dentary 
6, -short crista supraoccipitalis, not projecting beyond parietals 
7, -'dermochelyid' humerus 
Of these seven characters, the first four are shared with cheloniids (sensu Hirayama) as well as 
with the Cretaceous Protostega and Archelon (Hirayama, pp. 280-281: data matrix). The 
character of an anteriorly extending surangular process is only known from D. coriacea, the 
'HMG dermochelyid', and the cheloniid (sensu Hirayama) Eretmochelys. I therefore consider 
the first five characters as possible symplesiomorphies. 
The presence of a short crista supraoccipitalis which does not project beyond the parietals is, 
apart from the taxa included by node e 1, not known to occur in marine turtles. It is possible 
that this character defines a clade (node el), but only if it did not evolve independently in 
different turtle lineages. The presence of this short crista in the Maastrichtian 'HMG 
dermochelyid' and in the Ypresian Eosphargis breineri could also be regarded as evidence for 
the existence of such independent lineages. 
The significance of the character 'dermochelyid humerus' is discussed above. 
The genus Eosphargis was included in the family Dermochelyidae (node e2 in Fig. 71) based 
on eleven characters, of which seven are (p. 279, caption to fig. 11) "apomorphic character 
presumed to be acquired more than twice among chelonioids", or, in other words possible 
synapomorphies shared with other turtle families. 
The remaining four characters are: 
I, -reduced, elongate plastron elements, with huge central fontanelle 
2, -primary palate involving vomer 
3, -derived 'dermochelyid' humerus (see discussion above) 
4, -large basisphenoid, lying beneath a significant portion of the pterygoids 
Plastron elements are reported from the species Eosphargis breineri (figured by Nielsen, 1963: 
figs. 5 to 7). These plastron bones are indeed reduced, but they are far from being elongate as 
in D. coriacea, and they do not surround a huge central fontanelle. Severely reduced, rod-like, 
or 'annular' plastron elements, surrounding a wide central fontanelle are only known from D. 
coriacea and from a few fragments of P. rupeliensis (LG. 5441 Reg. 1654 3.G). Other marine 
turtles with a strongly reduced primary carapace such as protostegids, Eochelone and 
Eo5phargis have relatively large plastron elements and only a small central fontanelle. I 
interpret the strong reduction in D. coriacea and P. rupeliensis as a result of the presence of a 
secondary ventral armour. I think it very likely that, at least from the Oligocene onwards, all 






















According to Hirayama's data matrix, a primary palate involving the vomer can be found in D. 
coriacea, P. (?) oregonensis, and Eosphargis breineri, as well as in the Cretaceous taxa 
Protostega, Desmatochelys and Archelon. Hirayama coded this character state as more derived 
in the first three taxa. However, the vomer in£. breineri is smaller and located more anteriorly 
(Nielsen, 1959: fig . 4) than in P. (?) oregonensis and D. coriacea, and thus is more similar to 
the condition observed in Protostega, Archelon and Desmatochelys (as shown by Hirayama, 
1994: fig. 3) . 
The last character of Hirayama, the large basisphenoid which lies beneath a significant portion 
of the pterygoids, can indeed only be observed in D. coriacea, P. (?) oregonensis and£. 
hreineri. This character could therefore well be an autapomorphy for these three genera (it is 
small in Corsochelys and not known from 'HMG dermochelyid'). 
The genera Dermochelys and Psephophorus form a clade in Hirayama's interpretation (see e3 in 
Fig. 71 above), because they share the derived characters of a secondary carapace and severely 
reduced costal plates. A further character given by Hirayama for this clade is the "loss of bony 
elements of carapace". Because Hirayama did not explain this character, I can only presume 
that it relates to the Jack of marginals in turtles with a secondary armour . 
Summary 
Hirayama's classification, with only three families for all chelonioid turtles, necessarily uses a 
very broad family definition which allows him to refer the genera Eosphargis, and Corsochelys 
and the 'HMG dermochelyid' to the Dermochelyidae. 
The genus Corsochelys was only considered a dermochelyid by Hirayama because it shows a 
(less) reduced ossification of the rostrum basisphenoidale similar to that in D. coriacea. 
Corsochelys, on the other hand, shares a total of twelve plausible apomorphic characters with 
non-dermochelyid turtles (sensu Hirayama). 
The 'HMG dermochelyid' shares only one single character with other genera of dermochelyids 
(sensu Hirayama), but it shares at least three plausibly apomorphic characters with non-
dermochelyids (sensu Hirayama) . 
Eosphargis has a large basisphenoid which lies beneath a significant portion of the pterygoids, 
as seen also in other genera of dermochelyids (sensu Hirayama), but it also shares one character 
with Allopleuron (a cheloniid sensu Hirayama) . 
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I cannot tell why Hirayama identified some characters as autapomorphies for dermochelyid 
turt les, and ignored other characters (which could also be called autapomorphies) . Because it is 
rather difficult to grasp all possible combinations of taxa from a data matrix as vast and complex 
as Hirayarna's, only a complete computer assisted re-examination of this data may provide an 
idea about the reliability of different characters and their implications on turtle relationships. 
Because I regard Hirayama's condensed classification system with just three families as too 
generali sed, and because the vast majority of dermochelyids (sensu this thesis) are not known 
from sufficiently preserved skull material, I use an alternative taxonomic system which is 
heavily based on the better known post cranial skeleton. My concept of Dermochelyidae is a 
conservative one: turtles with a secondary armour. For now I am unconvinced that the concept 
of Dermochelyidae should be expanded to encompass Cretaceous taxa with similar though not 
clearly synapomorphic skeletal features, but which lack the key defining feature of a secondary 
dermal armour. My understanding of the family Dermochelyidae is equivalent to node e3 in 
Hirayama's system. It does not necessarily contradict Hirayama's classification, but should be 
seen as a different interpretation of basically the same information. 
CHARACTERS NOT USED IN CURRENT CLADISTIC ANALYSIS 
The skull of dermochelyid turtles 
Two of the most detailed monographic skull descriptions of D. coriacea are those of Nick 
( 1913) and Wegner (1959), but others like Gaffney (1979) and Romer ([956) also contributed 
to a long list of skull features unique for D. coriacea. However, most of these features are not 
preserved in fossil skulls. Further, as Wegner (1959: 68) and Gaffney (1979: 98) pointed out, 
some skull elements in D. coriacea are not or incompletely ossified -due to neoteny-, which 
complicates comparison with fossil material 
FIGURE 72 D. coriacea (USNM 243407). Lateral view of a skull of an adult specimen. 


























In the following I discuss only those skull features considered unique for D. coriacea (Fig. 72) 
by the above mentioned authors , which are also represented in fossil material. The terminology 
follows Gaffney ( 1979). 
•Parietal without processus inferior parietalis 
Nick ( 1913), Romer (1956) and Wegner ( 1959: 32) listed the lack of the processus inferior 
parietalis as characteristic for D. coriacea, but Lydekker (1889a: 240) also described it from the 
early or middle Eocene turtle Eosphargis gigas. This apparent absence was, however, 
questioned by Nielsen (1959: I 08) "The fragmentary skull on which Lydekker bases this claim 
shows the proximal parts of such flanges, but how far downwards these flanges reached in the 
undamaged skull cannot be decided." I examined the same material in London and completely 
agree with Nielsen. The only detailed published description of a skull of Eosphargis (holotype 
description of Eosphargis breineri by Nielsen, 1959) does not discuss this feature as it cannot 
be examined. Thus, the lack of the processus inferior parietalis is only confirmed for D. 
coriacea. Whether the processus inferior parietalis is absent in fossil dermochelyids, or 
whether the small ridges observed in this place in some skulls referred to Psephophorus (I.G. 
8516, LACM 4956/127937, LACM no number, 'Andrea 21 Aug. 1993 ') prove the opposite, 
cannot be decided. It appears, however·, probable that these relatively delicate processes did not 
preserve well in fossil material, which would explain the presence of only small remnants in the 
specimens cited above. Furthermore it cannot be determined whether the absence of these 
processes in D. coriacea is a relatively new feature, caused by neoteny (Gaffney, 1979: 98), or 
whether its fossil relatives showed the same configuration. 
•Sagittal foramen formed between premaxillae and vomer 
Gaffney and Meylan (1988: 191) listed this feature as being unique for their family 
Dermochelyidae, in which they included Eosphargis. The holotype for Eosphargis breineri, 
however, does not show this foramen (Nielsen, 1959), but Eosphargis gigas does (own 
observations). A sagittal foramen is known from P. (?) oregonensis and Psephophorus sp. 
(LG. 8516 in part), but in other Psephophorus skulls this region is not sufficiently preserved . 
•Crista supraoccipitalis very short 
This feature was listed by Nick ( 1913) as unique for D. coriacea, but Gaffney ( 1979: 108) 
stated that a relatively small crista supraoccipitalis is not restricted to dermochelyids only. 
•No secondary palate 
The lack of a secondary palate is regarded by some authors to be a unique character for 
dermochelyids (e.g. Nick, 1913; Romer, 1956), but a secondary palate is also missing in the 
Eocene cheloniids Eosphargis breineri Nielsen, 1959, Eosphargis gigas (Owen, 1850) and in 
Eochelone brabantica Dollo, 1903. 
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•Parietal-sguamosal contact 
Romer ( 1956) listed this character as unique for dermochelyids, but according to Gaffney 
( I 979: 81) a parietal-sguamosal contact exists in most chelonioids. 
Fossil skulls referred to Psephophorus are known from the following specimens: 
•The holotype skull of P. (?) oregonensis (UCMP V 6896-124474) 
This skull (Figs. 56 and 57) is reasonably well preserved, with the skull-roof intact, but its 
palatal surface and basicranium are incomplete and obscured by matrix. It compares well with 
D. coriacea in its general broad and blunt appearance, and the sutural contacts between the 
bones of the skull-roof. Its crista supraoccipitalis is, as far as can be observed, very small, and 
a sagittal foramen between premaxillae and vomer is present. A maxillary notch is not present 
in this specimen. The skull shows a lateral width of 25 cm and a median dorsal length of 
34 cm. 
•Psephophorus sp. (I.G.8516 in part) 
This restored skull only consists of the skull-roof and the facial region and an associated 
fragme nt of a lower jaw. Its overall appearance (see Figs . 58 and 73 ) is very similar to that of 
P. (?) oregonensis and D. coriacea. It also has a small crista supraoccipitalis and a sagittal 
foramen between the premaxillae and vomer. But the processus inferior parietalis, which is 
typically not present in D. coriacea, exists as a small, short pair of ventrally descending, thin 
ridges. Maxillary notches are present. The skull shows a lateral width of 35 cm and a median 
dorsal length of 42 cm. 
FIGURE 73 Psephophorus sp . (I.G. 8516). Skull from the Oligocene Rupelian Clay, Niel, 




















•Psephophorus sp. (I.G. 8289*/13) 
Only a small lateral fragment of a lower jaw is preserved. 
•Psephophorus sp. from Point Fermin in California (LACM 1348/4094) 
This specimen is a crushed and distorted skull with the ventral side preserved (Fig. 63). Its 
short and blunt appearance is that of a dermochelyid turtle. Because sutures cannot easily be 
recognised, comments on contacts between different bones are not possible. This specimen 
does show a short crista supraoccipitalis, but no maxillary notches. The skull has a lateral 
width of 25 cm and a preserved median dorsal length of 31 cm. 
•Psephophorus sp. from the Sharktooth Hill Bonebed in California (LACM 4956/127937) 
These remains are represented by individual fragments which could be assembled in a skull 
(skull-roof and the right facial region only). Both parietals are present and each shows a very 
small, ventrally directed antero-posteriorly running ridge, which may be identified as a small 
processus inferior parietalis. The posterior part of the skull is not sufficiently preserved to 
allow any comment on the size and shape of the crista supraoccipitalis. Maxillary notches are 
present. Although none of these features is diagnostic for a dermochelyid turtle, the large size 
and broad shape of the skull are very similar to D. coriacea and quite consistent with a 
dermochelyid. The skull fragments suggest an approximate lateral width of 18 cm and a 
median dorsal length of 22 cm for a complete skull. 
•Psephophorus sp. from the Sharktooth Hill Bonebed in California (LACM no number, 
labelled as 'Andrea 21 Aug 1993') 
This specimen consists of 23 skull fragments. The two perfectly preserved parietals are in all 
respects similar to LACM 4956/127937. The maxillae show a distinct notch. 
•Psephophorus sp. from the Sharktooth Hill Bonebed in California (LACM 1625/ 103361) 
This specimen is a right jugale, which is very similar in shape to a jugale of D. coriacea figured 
by Wegner (1959). 
• Psephophorus sp. from the Sharktooth Hill Bonebed in California (LACM 1557 /4511) 
Represented by a right postfrontal, which is very similar in shape to a postfrontal of D. coriacea 
figured by Wegner (1959). 
•Psephophorus sp. (I.G. 5222 Reg. 1654) 
Represented by the anteriormost part of a lower jaw, showing two tightly fused rami with the 
labial cutting edges preserved. The rami meet at the anterior median end to form a dorsally 
extending tooth-like process. A process like this is not only known from dermochelyids, but 
occurs also in other families (Gaffney: 1979: 213). 
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•P. ?rupeliensis (holotype of the monospecific Pseudosphargis ingens (Koenen, 1891)) 
This sku ll consists only of one fragment of the posterior dorsal part of the skull. It was 
described by Dames (1894a) as possessing distinct processus inferior parietalis, and only for 
this reason was not referred to the genera Eosphargis or Psephophorus (Dames, 1894a: 209-
210). The recognisable skull features (Dames, 1894a and Karl, 1993) are in all other respects 
similar to that of D. coriacea (e.g. very short crista supraoccipital is). The skull shows a lateral 
width at its anterior part of about 39 cm (reconstructed width after Dames, 1894a: 208). 
General discussion 
Al l the skulls listed above agree in many features with the skull of D. coriacea but also with 
skulls of Eosphargis. 
FIGURE 74 Eosphargis gigas (BMNH R 31). Ventral view of holotype skull from the 
London Clay (Eocene), England. Scale x 0.33. 
This skull similarity between the dermochelyids D. coriacea and Psephophorus and the 





















skulls. Indeed, Lydekker (1889a: 240-241) first tended to include skull material (BMNH R 31) 
from the London Clay in the genus Psephophorus, but the presence of functional primary 
carapace elements and the absence of a platelet armour led him to place this material in a new 
genus (Eosphargis). 
A feature often mentioned as typical for dermochelyids only, is the overall shape of the skull, 
but a blunt and broad skull also occurs in Eosphargis. The following Table 5 compares the 
length to width ratio ('skull index') of the fossil material described above and E. breineri, with 
that of D. coriacea. It can be seen that the skull index for E. breineri is well within the variation 
shown by different dermochelyid skulls . 
TABLE 5 Skull indices for fossil and extant dermochelyid turtles compared with the skull 
index for E. breineri 
Taxon with reference for measurements skull index 
D. coriacea (measurements from Wegner, 1959) 1.14to 1.37 
Psephophorus sp. (LG. 8516 in part, own measurements) 1.2 
Psephophorus sp. Sharktooth Hill Bonebed (LACM 4956/127937) 1.22 
Psephophorus sp. Point Fermin, California (LACM 1348/4094) 1.24 
E. breineri (measurements from Nielsen, 1959) 1.27 
P. (?) oregonensis (measurements from Packard, 1940) 1.36 
• Nielsen ( 1959: 100) gave a reconstructed width of the holotype skull of E. breineri with 18 cm 
and its length with 23 cm. This leads to a width to length ratio of 1.27. 
•The skull of D. coriacea shows ratios reaching from 1.37 (Wegner, 1959: Vienna skull 21.6 
cm by 15.7 cm) to 1.25 (Wegner, 1959: Berlin skull 18.3 cm by 14.6 cm) to 1.14 (USNM 
243407, 21.3 cm by 18.6 cm). 
•The P. ?rupeliensis skull of Karl (1993) [= holotype of Pseudosphargis ingens (Koenen, 
1891)] is described with a reconstructed width of 39 cm. This width indicates a skull similar 
in size to both Psephophorus (LG. 8516) and Eosphargis gigas. 
•The holotype skull BMNH R 31 of Eosphargis gigas shows a width of 36.5 cm. It is in all 
other respects, even in the presence of maxillary notches, similar to Psephophorus (LG. 
8516). 
Because Pseudosphargis ingens was not found together with post cranial material, it cannot be 
decided whether it is closer to Psephophorus or Eosphargis, or even belongs into its own 
monotypic genus. 
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The notched jaws in the extant D. coriacea are commonly explained as an adaptation for feeding 
on jellyfish (namely Cyanea capillata) because the tooth-like structure makes it easier to catch 
and hold slippery prey (Bjorndal, 1985). The presence of distinct maxillary notches is 
restricted amongst living turtles to D. coriacea, but fossil notched jaws are not only known 
from Oligocene (Psephophorus sp. LG. 8516) and Miocene (LACM no number, 'Andrea 21 
Aug 1993'; LACM 4956/127937) dermochelyids, but occur also in both species of Eosphargis. 
Such jaws could thus indicate a similar food source for these animals. The absence of these 
notches in the Miocene P. (?) oregonensis and Psephophorus sp. (LACM 1348/4094) could 
indicate a different prey and, further, might indicate that these supposed species of 
Psephophorus represent some other turtles. Because it cannot be proven whether notched jaws 
evolved only once in dermochelyids and persisted in a lineage which led to D. coriacea, or 
whether this structure evolved more often (a possibility supported by the occurrence of these 
notches in Eosphargis), its taxonomical value is ambiguous. 
Fossil skulls with a 'dermochelyid' appearance cannot be assigned positively to Psephophorus, 
Cosmochelys or Eosphargis (or Pseudosphargis) unless the post cranial skeleton is present. 
For example, the skull from Point Fermin (LACM 1348/4094) as well as the skull of 
Pseudosphargis ingens, were not found together with dermochelyid armour, which precludes a 
clear statement about their taxonomic position. 
To show how some turtle skulls happened to be referred to the dermochelyids I will discuss the 
controversial 'Thalassochelys' testei Bergounioux, 1956 in the following case-study. 
The holotype skull for 'Thalassochelys' testei (probably held in MnHN), from the Ypresian to 
Lutetian Metlaoui Phosphates of southern Tunisia (Moody and Buffetaut, 1981 ), is preserved 
with the lower jaw in situ. The Metlaoui Phosphates are described to yield between three and 
seven different species of turtle (the number of recognised species depends on the author), but 
not a single secondary armour fragment has been discovered so far. The skull, as figured by 
Moody and Buffetaut ( 1981: plate 4 ), shows a marked overall similarity to the skulls of 
Eosphargis, Psephophorus, Dermochelys, and Pseudosphargis. 
The skull is broad and blunt with distinct maxillary notches. Slight damage posteriorly makes a 
comment on the size and shape of the crista supraoccipitalis impossible. Moody and Buffetaut 
( 1981: 131) briefly compared it with D. coriacea and used the presence of maxillary notches, as 
well as the presence of"[ ... ] a short rugose secondary palate[ ... ]", which they cited to be"[ ... ] 
characteristic of 'leathery' turtles [ ... ]" to propose a taxonomic position in the family 
Dermochelyidae. If the observation of Moody and Buffetaut ( 1981) about the presence of a 
short rugose secondary palate is correct, an inclusion either in the dermochelyids or the genus 
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It appears, however, that the lower jaw, which is in situ on the skull, precludes comment on the 
presence or absence of a secondary palate. As noted earlier, the presence or absence of 
maxillary notches is a variable feature not clearly characteristic for dermochelyids. 
Measurements for this skull, or a scale for the figured photos, were not given; the only 
information about its size is that this skull is smaller than the skull of Eosphargis breineri. 
Moody and Buffetaut (1981): "The specimen is a juvenile, the skull being smaller than all 
known fossil dermochelyid skulls including that of Eosphargis breineri (Nielsen 1959) from the 
Mo Clay of Denmark." A further complication is the configuration of the skull-roof elements. 
All dermochelyid skulls (fossil and extant) which I have examined, as well as the skulls of both 
species of Eosphargis, show frontal bones which are restricted to the central median area of the 
skull-roof and do not participate in the dorsal border of the orbit. In 'Thalassochelys' testei, 
however, the frontal bones form part of the dorsal border of the orbit, similar to many 
cheloniids. Gaffney (1979: 76) stated that this feature may be subject to individual variation as 
reported in Chelonia mydas by Boulenger (1890). Boulenger described three skulls of 
Chelonia mydas of which the first one showed frontals forming part of the orbit, the second 
one did not, and the third one showed one condition on one side of the skull and the other 
condition on the other side. Because this apparent variation in Chelonia mydas indicates that 
the constellation of these skull bones could also be variable in other species, it cannot be used to 
distinguish 'Thalassochelys' testei from otherwise similar skulls. 
'Thalassochelys' testei was first placed in the cheloniids by Bergounioux (1956), probably due 
to the configuration of the skull-roof elements. The genus Thalassochelys, however, is a junior 
synonym for Caretta which has a far more elongated skull and a distinct secondary palate. The 
species 'Thalassochelys' testei can thus not be referred to the genus Caretta but should be 
included in a different genus. Moody and Buffetaut (1981: 131) acknowledged the differences 
between Caretta and Thalassochelys sensu Bergounioux, but proposed to include 
'Thalassochelys' testei into the family Dermochelyidae. However, the supposed presence of a 
short secondary palate precludes referring 'Thalassochelys' testei to either the family 
Dermochelyidae or to the genus Eosphargis. Furthermore I regard the absence of any 
secondary armour fragments from the fossil rich Metlaoui Phosphates as an additional indicator 
for the non-dermochelyid character of 'Thalassochelys' testei. 
Post cranial elements 
• Absence or presence of marginal plates 
Marginals are relatively small elements of the primary carapace; they form a frame-like outer 
ring along its ventral part. In non-dermochelyid turtles, the distal ends of the ribs insert in 
marginal plates, thus forming a strong carapace. In dermochelyids these marginals are, apart 
from the nuchale, no longer present, but they do occur in other marine turtles with a strongly 
150 
reduced primary carapace such as the Cretaceous protostegids or the Tertiary Eosphargis and 
Eochelone. 
The nuchale is the only marginal element still preserved in dermochelyids. It owes its 
persistence to its use as an anchor point for the main head moving muscles. For example, 
Schumacher ( I 973: 10) cites the large Musculus testo-occipitalis, Hoffmann ( 1890) and 
Musculus testo-capitis, Hoffmann (1890) as inserting on the nuchale in D. coriacea. The 
marginals ( except for the nuchale) were the first elements of the primary carapace completely 
lost in dermochelyids. This complete reduction was only possible because a secondary 
carapace had taken over the role of the primary carapace (the loss of the marginal frame without 
the presence of a secondary carapace would lead to a weak shell). 
Eochelone, Eosphargis and the protostegids could only reduce their primary carapace up to a 
certain point without losing its structural strength. Because these turtles did not possess a 
secondary carapace, they had to retain the marginals and a strong median dorsal structure (ribs 
with fused proximal costals and functional neurals). Because the absence or presence of 
marginal plates as a cladistic character would only help to separate dermochelyid from non-
dermochelyid turtles, but would not help resolve relationships within the Dermochelyidae, I did 
not use it for my cladistic analysis. 
•Changes in the morphology of keels on the secondary armour 
The ridge platelets in keeled dermochelyids don't show significant changes between the Eocene 
(P. eocaenus -Yale University specimen, and C. dolloi -BMNH R 4338) and the Pliocene to 
early Pleistocene Psephophorus fragments from Lee Creek Mine (USNM 358474) (Fig. 75). 
There is no apparent trend in keeled dermochelyids to change from uninterrupted keels to 
serrated keels, which are only known from the species D. coriacea. Apart from the Eocene taxa 
C. dolloi and P. eocaenus, where keels are only small and narrow, the keels in other 
Psephophorus species are rather broad. Because I cannot explain the change from small and 
narrow keels to wide and broad keels, to, again, very small and narrow, but this time serrated, 
























FIGURE 75 Cross-sections of ridge platelets amongst fossil and extant dermochelyids. 
I, 2, 3 = D. coriacea, extant (USNM 063491). 4 = Dermochelys sp. late Pliocene/early 
Pleistocene (USNM 358306). 5 = Psephophorus sp., Pliocene (USNM 358474). 
6, 7 = P. calvertensis, Miocene (USNM 3614381). 8 = Psephophorus sp., Miocene (UCMP 
V 6896-125357). 9, 10, 11 = P. polygonus, Miocene (I.G. 8243). 12, 13 = P. rupeliensis 
sensu Dollo, Oligocene (l.G. 8516, collected 1905). 14 = P. eocaenus, Eocene (Yale 
University specimen). 15, 16 = Cosmochelys dolloi, Eocene (BMNH R 4338). 
17, 18 = Psephophorus sp., Miocene (LACM 4956/?). 
The outlines for the ridge platelets are, apart from number 14 (P. eocaenus), which is after a 
photocopy supplied by R. C. Wood, based on sketches (and measurements) derived from the 
actual platelet. 
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CHARACTERS USED IN CURRENT CLADISTIC ANALYSIS 
•Character [I]: neural plates 
In all dermochelyids the neural plates are located under the secondary carapace, unlike in other 
turtles where they form an essential part in the architecture of the primary carapace. Neural 
plates lost their original protective and structural function with the evolution of a secondary 
carapace, and subsequently were gradually reduced. 
I coded the neural plate morphology with five successive character states. 
(0] - neural plates which are fused to each other to form part of a fully functional primary 
. carapace, e.g. Chelonia mydas. 
[I] - neural plates which are still fused to each other, but which no longer participate in a 
severely reduce primary carapace, e.g. C. dolloi. 
[2] - reduced neural plates which are no longer fused to each other, e.g. P. terrypratchetti. 
[3] - further reduction of the neural plates to very small plates, e.g. P. calvertensis. 
[4] - almost completely reduced neural plates which are only represented by small knobs 
above the thoracic vertebrae, e.g. D. coriacea. 
I coded the character states [O] to [4] as irreversible in analyses 2 and 4, because I regard them 
as forming a sequence of stepwise reduction. 
•Character [2]: costal plates 
Costa! plates, like neural plates, also form an essential part in the construction of the primary 
carapace. In the primary carapace the costal plates can either be fused to each other over the 
whole length of the ribs or, in forms with a severely reduced but still functional primary 
carapace, they are fused only proximally. In the functional primary carapace these costal plates 
are always fused to corresponding neural plates. 
I coded the costal plate morphology with three successive character states. 
[O] - costal plates which are fused to each other and form part of the functional primary 
carapace, e.g. Chelonia mydas. 
[I] - costal plates which are only fused proximally, but which form no longer part of a 
functional primary carapace, i.e. they are no longer fused to corresponding neural plates, 
e.g. Cosmochelys dolloi. 
[2] - costal plates which are no longer fused to each other, e.g. P. terrypratchetti, D. coriacea. 















•Character [3]: secondary armour 
The presence of a secondary armour is the most obvious structure shared by all dermochelyids. 
Other skeletal features ( e.g. lack of secondary palate, presence of maxillary notches, highly 
adapted humeri) are also reported from other groups, but the secondary armour is known from 
dermochelyids only. I coded this character in two states. 
[O] - absence of a secondary armour. 
[ l] - presence of a secondary armour. 
I regard the evolution of a secondary armour as irreversible and therefore coded the character as 
such in analysis 2 and 4. 
•Character [4]: keels (ridges) on the secondary carapace 
Keels (i.e. ridge platelets) on the secondary carapace occur in most dermochelyids; P. 
terrypratchetti is the only unkeeled form reported so far. In the Oligocene species P. rupeliensis 
sensu Dollo and the dermochelyids from Peru, larger platelets are arranged in rows which only 
in P. rupeliensis occasionally carry small keels. The Peruvian material does apparently not 
have keels, but my knowledge of this material is only based on a photocopy and comments by 
R. C. Wood. In P. terrypratchetti neither rows nor keels are present. If keels only evolved 
once, then only keeled forms can be regarded as ancestral to the likewise keeled D. coriacea. 
This would, however, imply the convergent evolution of at least one unkeeled (P. 
terrypratchetti) and one partially unkeeled (P. rupeliensis) dermochelyid lineage as a side-
branch of the dermochelyid stem. Because the earliest dermochelyid Cosmochelys dolloi, and 
the majority of all dermochelyids possess keels, I coded the presence of keels with character 
state [O] and the secondary absence with [l]. For P. rupeliensis the character state was coded 
as [0/ 1] because keels are mostly absent. I treated this character as unordered in all analyses. 
[O] - keels present 
[ 1] - keels absent 
•Character [5]: smooth platelets 
In D. coriacea the platelets are, apart from keels, unsculptured and smooth. In most 
dermochelyids except C. dolloi and P. rupeliensis the platelets are likewise smooth. Because 
there is no apparent explanation for the presence of sculptured platelets, it is difficult to assess 
the importance of this character. Also the sculpturing in C. dolloi and P. rupeliensis is very 
different from each other, and does not appear to be related. 
I coded the sculptured platelets as the more primitive character [O] because they only occur in 
Eocene and Oligocene specimens and are not known from younger dermochelyids. The 
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unsculptured platelets are regarded as more derived and are coded with [l]. This character is 
treated as unordered in all analyses. 
[O] - secondary platelets sculptured 
[I] - secondary platelets smooth 
•Character [6]: costal roof 
The existence of a costal roof, which is a median extension of the costal plate above the rib-
head, is also a feature which gradually changed due to the severe reduction of the primary 
carapace in dermochelyids. The costal roof contacts the adjoining neural plates in non-
dermochelyid turtles with a primary carapace. Reduced costal plates, which no longer contact 
neural plates, are still present in C. dolloi and P. terrypratchetti, but from an early Oligocene 
(Rupelian) form of Psephophorus (I.G. 8289*/13) onwards the costal roof is completely 
absent. 
I coded character six with three successive states. 
[O] - fully functional primary carapace with the costal roof fused to adjacent neural plates, e.g. 
Chelonia mydas. 
[I] - costal roof still present but no longer in contact with neural plates, e.g. C. dolloi and P. 
terrypratchetti. 
[2] - complete absence of the costal roof, e.g. D. coriacea. 
Because character six forms a successive sequence of the reduction of an element, it is treated 
as irreversible in analyses 2 and 4. 
•Character [7]: neural wall 
The presence or absence of neural walls is linked to the evolution of the secondary carapace. 
Neural walls are the anterior and/or posterior projection of vertical bone sheets from the dorsal 
margin of the vertebral centrum next to the neural canal. They connect the vertebrae to the 
neural plates of the primary carapace to form a strong, rigid unit. Linked with the marked 
reduction of the neural plates in dermochelyids, these walls lost their function and disappeared. 
Character state [O] codes for the presence of neural walls, which can still be found in a reduced 
form in the early dermochelyid P. terrypratchetti. 
Character state [ 1] codes for the absence of neural walls, which is known from Oligocene 
(Psephophorus sp. I.G. 8516 and LG. 8289*) and Miocene (P. calvertensis, USNM 006059) 
dermochelyids onwards. This character is treated as irreversible in analyses 2 and 4. 
[O] - neural walls present 
















•Character [8]: humerus morphology 
Dermochelyid humeri all show strong adaptations towards a fully pelagic life. The Eocene 
humeri from New Zealand and Egypt (P. eocaenus) are still somewhat more slender and not as 
broad and stout as humeri from Oligocene or Miocene forms which in turn are not as wide and 
stout as humeri of D. coriacea. The fossil record shows this increasing adaptation to a pelagic 
life, i.e. the retreat of the median process to a more distal position on the shaft, the increase in 
size (and surface area) of the crista deltopectoralis, the tendency from a more slender humerus 
to an increasingly broader and shorter humerus. This tendency to more and more specialise the 
humerus for a fully pelagic life and persistent and fast swimming forms a sequence leading 
from older to younger dermochelyids. A parathalassic humerus is also known from the 
cheloniid Eosphargis breineri. The extremely short and stout, and dorso-ventrally flattened 
humerus of D. coriacea forms the latestlink in this evolutionary sequence. 
I coded the humerus morphology in four successive character states. 
[OJ - typical slender cheloniid humerus with the lateral process close to the head of the 
humerus, e.g. Chelonia mydas. 
[I] - parathalassic humeri which show a distinct retreat of the lateral process and a strongly 
developed deltopectoral crest. This deltopectoral crest can either be separated into 
distinct knobs or form an uninterrupted band. The main difference to the humerus of D. 
coriacea is the slender appearance and the round cross-section of the shaft just proximal 
to the lateral process. Examples are P. terrypratchetti (as represented by OU 22021), 
Eosphargis breineri and P. eocaenus. 
[2] - even more adapted parathalassic humeri, which differ from character state [1] in that the 
shaft of the humerus is somewhat flattened dorso-ventrally and thus appears more stout 
and short, e.g. P. rupeliensis (as represented by LG. 5.441 R l4a/l654D; LG. 5.441 R 
14b/1654 G, and LG. 5441 R 13/1655). 
[3] - highly adapted, short and stout humeri with a distinct long-oval cross-section of the shaft 
just proximal to the lateral process. Examples are D. coriacea, P. polygonus, and P. 
calve rt ens is. 
Character eight is treated as ordered but not as irreversible in analyses 2 and 4, because I regard 
changes in humerus morphology as reflecting adaptations to the habitat. It may therefore be 
possible for a humerus to secondarily adopt a less parathalassic form if the habitat changes from 
pelagic to more littoral. 
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•Character [9]: inter-ridge platelet number 
All dermochelyids, apart from P. terrypratchetti, show platelets arranged in rows of larger 
platelets, which usually carry ridges (keels), and smaller inter-ridge platelets which vary in 
number from species to species. The distance between keels can be given as the number of 
platelets on the shortest way between two keels. This number varies somewhat, which is why 
I used the average of at least five counts. The number of inter-ridge platelets also varies 
between different keels. 
To find out whether the number of inter-ridge platelets forms a reliable character I examined its 
variation in two specimens of D. coriacea (USNM 69491 and BMNH no number) (see Table 
6). These two carapaces show inter-ridge platelets which vary in number from 11 to 15 
(USNM 69491) and 11 to 12 (BMNH) for the inter-ridge field between the median ridge and 
the first lateral ridge (field a). The number of platelets between the first and second lateral ridge 
(field b) varies between 13-15 (USNM 69491) and 12 to 14 (BMNH). In the third inter-ridge 
field (field c), which is the most lateral, the number of platelets varies from 11 to 13 in both 
specimens. These observations show that only a small variation in the number of inter-ridge 
platelets is present in D. coriacea. 
TABLE 6 Number of inter-ridge platelets (A) for different dermochelyid species. The inter-
ridge platelet numbers for D. coriacea and P. calvertensis are average values calculated from 
platelet numbers in different platelet fields (field a identifies the field next to the median ridge, 
field b and c are successively more lateral). The inter-ridge platelet number for D. coriacea is · 
based on two specimens, BMNH no number and USNM 69491. P. rupeliensis is represented 
by I.G. 8289; the measurements refer to the inter-row platelet number in this species. Species 
not listed in this table are not known from large enough carapace fragments. 
species A field a field b field C specimen 
C. dolloi 2 to 3 2-3 2 - BMNHR4338 
P. eocaenus 1 to 2 Yale University specimen 
P. polygonus 5 to 6 holotype 
P. rupeliensis 2 to 4 I.G. 8289* 
Psephophorus sp. 9+ Italian specimen MnHN no number 
P. calvertensis 4 to 7 5-7 4-5 - USNM 358957 
D. coriacea 11 to 15 11- 12 11- 14 11-13 BMNH no number 


















The inter-ridge platelets in P. calvertensis (USNM 358957) vary in number from five to seven 
for field a and from four to five for field b. In C. dolloi the number for the inter-ridge platelets 
is two to three for field a, and two for field b. As can be seen from the above measurements, 
the number of inter-ridge platelets shows only a small variation between different fields, which 
is why I regard the number of inter-ridge platelets as a character useful for resolving the 
relationships in dermochelyids. A pattern observed in dermochelyids is the increase in the 
number of the inter-ridge or inter-row platelets from Eocene (2-3, 1-2) to Miocene (4-5, 5-6) to 
extant (11-15) forms. 
I arbitrarily divided the inter-ridge platelet number in three units, which I coded with three 
successive character states (treated as irreversible in analyses 2 and 4). 
[O] - one to four inter-ridge platelets 
[ 1] - between four and ten inter-ridge platelets 
[2] - more than ten inter-ridge platelets 
•Character [10]: surface area of carapace platelets 
Differences in the surface area of the carapace platelets did not allow to recognise a trend in 
platelet size reduction in dermochelyids (see Table 3). Because the surface area increases four 
times in a twice as large platelet, I only considered marked increases or decreases in platelet size 
as relevant. 
The earliest dermochelyid, C. dolloi, shows inter-ridge platelets with an average surface area of 
476 mm2. The next younger species P. terrypratchetti shows 784 mm2, P. eocaenus has 
276 mm2, and the Miocene dermochelyids show inter-ridge platelets with average surface areas 
ranging from about 533 mm2 (P. polygonus 533, P. 'pseudostracion' 345, P. 'scaldii' 560) to 
684 mm2 in P. calvertensis. The indetermined Italian material shows an average platelet surface 
area of 675 mm2, and the Sharktooth Hill Bonebed platelets have an average surface area of 
476 mm2. D. coriacea (as represented by USNM 063491) has very small inter-ridge platelets 
with an average surface area of only 45 mm2. P. rupeliensis shows exceptionally large platelets 
with an average size of 2517 mm2. Because keels are very restricted in P. rupeliensis, I 
measured platelets from between distinct rows of very large platelets (row platelets). The 
contemporaneous carapace elements from Peru indicate surface areas with 840 mm2 average. 
This distinctly smaller measurement is most likely due to the very small number of platelets 
available (see Table 3). Nevertheless the similar lines of unkeeled row platelets in the Peruvian 
material are regarded here as an indicator for a very close relation to P. rupeliensis . 
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I expected a tendency leading from a few relatively large inter-ridge platelets to many relatively 
small inter-ridge platelets in younger dermochelyids. This, however is not the case. In P. 
eocaenus and the Seymour Island dermochelyids, the inter-ridge platelets are larger than in C. 
dolloi. Another Eocene dermochelyid, P. terrypratchetti, even shows platelets which only 
compare in size with Miocene specimens. It is also unexpected that the majority of the Miocene 
species possess platelets which are distinctly larger than comparable platelets in Eocene species. 
The thickness of the platelets does not change significantly between the Eocene and Miocene, 
thus not giving any explanation for the increase in surface area. The only species, apart from 
D. coriacea, with a distinctly different average platelet surface area is P. rupeliensis sensu 
Dollo, which has platelets about three times as large as Miocene dermochelyids. A possible 
explanation for this unexpected picture is that I compared young and old animals with different 
sized platelets. However, this assumption would only explain the wide range of platelet sizes 
in the Miocene, but it can't explain the overall increase of platelet surface area from Eocene to 
Miocene times. 
I coded the inter-ridge platelet sizes with: 
[O] - the dominant average size shown by the majority of all fossil dermochelyids (200 to 
800 mm2). 
[I] - very small platelets of D. coriacea, which show an average size of only 45 mm2. 
[2] - platelets larger than 800 mm2, which are only represented by P. rupeliensis and fossils 
from Peru. 
This character is treated as unordered and reversible because there is no evidence for a gradual 
change in surface area over time. 
CLADISTIC ANALYSIS 
The cladistics programs used were McClade 3.04 (Maddison and Maddison, 1992), used for 
data input, and PAUP 3.1 (Swofford, 1993), used for searching. The characters are coded 
from character state O to 4; the character states of characters 1, 2, 6, 8 and 9 form linear 
transition series. Characters irrelevant for outgroup species, like the number of inter-ridge 
platelets in non-dermochelyid turtles, are indicated by a dash (-). A question mark indicates a 

















I based my cladistic analysis of the eight recognised species of dermochelyid turtles on the 
following ten characters (see character explanations above): 




3: unfused-further reduced 
4: nearly obliterated 
[3] secondary armour 
0: absent 
I: present 
[5] smooth platelets 
0: no 
1: yes 
[7] neural wall 
0: present 
1: absent 
[9] inter-ridge platelet number 
0: 1 to 4 
1: 4 to 10 
2: more than 10 
[2] costal plates 
0: fused-functional 
1: proximally fused-dysfunctional 
2: unfused 
[4] keels (ridges) 
0: present 
1: absent 




[8] humerus morphology 
0: non parathalassic 
1: primitive parathalassic 
2: advanced parathalassic 
3: fully parathalassic 
[10] surface area of inter-ridge platelets 
0: medium (200 to 800 mm2) 
1 : very small (less than 100 mm2) 
2: very large (larger than 800 mm2) 
Eight species of dermochelyids, all discussed earlier, form the ingroup. I used the species 
Eosphargis breineri and Chelonia mydas as outgroup members because they represent Tertiary 
and extant cheloniids acknowledged to be related more closely to dermochelyids than are 
Cretaceous or earlier forms. Eosphargis breineri is, in some respects (parathalassic humerus, 
skull features), very similar to dermochelyids, and may well represent a member of the group 
of cheloniids from which dermochelyids evolved. It is even sometimes regarded a 
dermochelyid itself (e.g. Gaffney, 1979; Hirayama, 1994). 
The modern species Chelonia mydas is in all respects more primitive (see data matrix) than any 
of the other members (ingroup or outgroup). 
The highly adapted marine turtles of the family Protostegidae were not included in the outgroup 
because they are widely identified as forming a clade of highly derived turtles which became 
extinct by the late Cretaceous, and which has no demonstrated close affinities with 
dermochelyids . 
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The combination of 10 tax.a and 10 characters led to the following matrix: 
[I] [2] [3] [4] [5] [6] [7] [8] [9] [IO] 
D. coriacea 4 2 I 0 I 2 1 3 2 I 
P. polygonus ? 2 I 0 I 2 ? 3 I 0 
P. calvertensis 3 ? I 0 1 ? I 3 I 0 
P. (?) oregonensis ? ? I 0 I ? ? ? ? 0 
P. rupeliensis ? 2 I 0/1 0 2 1 2 ? 2 
P. eocaenus ? ? I 0 I ? ? 1 0 0 
P. terrypratchetti 2 2 1 I 1 1 0 1 - 0 
Cosmochelys dolloi 1 1 1 0 0 1 ? ? 0 p 
Chelonia mydas 0 0 0 - - 0 0 0 
Eosphargis breineri 0 0 0 - - 0 0 1 
I analysed my data matrix using the cladistic program PAUP with an exhaustive search setting 
and trees with branches having a maximum length of zero to be collapsed. The first and third 
analyses were made with all characters coded as unordered. In the second and fourth analyses, 
character states which form part of transition series, as mentioned above, were treated as either 
irreversible or ordered. 
Analysis I 
Settings: IO characters, all unordered. 
Number of taxa: 8 ingroup + 2 outgroup = IO taxa. 
•Analysis I - results 
Number of trees evaluated: 2027025 
Length of shortest tree found: 20 steps 
Frequency distribution of tree lengths: 
20 I (3390) 
21 I# (5667) 































P. (?) oregonensis 
P. rupeliensis 





FIGURE 76 Strict consensus tree from analysis 1. 
•Analysis 1 - discussion 
The result of the above analysis shows that with the settings used, PAUP was unable to 
subdivide the dermochelyid group. The frequency distribution of the tree lengths gives an 
indication towards the reliability of the results of the cladistic analysis. The reliability of the 
results increases with an increasingly smooth curve, as appears in the above tree length 
distribution. 
Analysis 2 
Settings: 10 characters with characters 1, 2, 3, 6, 7 and 9 coded as irreversible, character 8 as 
ordered, and characters 4, 5 and 10 as unordered. 
Number of taxa: 8 ingroup + 2 outgroup = 10 taxa. 
• Analysis 2 - results 
Number of trees evaluated: 34459425 
Length of shortest tree found: 20 steps 
Frequency distribution of tree lengths: 
20 I (585) 
21 I (3186) 
22 I (4113) 
23 I (10926) 
241(13911) 
25 I# (26631) 
26 I# ( 40677) 
27 I## (72081) 
28 1## (99336) 
29 I### ( 135480) 
30 I#### ( 169256) 























































•Analysis 2 - discussion 
This analysis led to the same consensus tree as analysis one, despite changes in character status. 
The frequency distribution of the tree lengths is less balanced than in analysis one, but the 
length of the shortest tree found remained at 20. 
Analysis 3 
Settings: 10 characters, all unordered. 
Number of taxa: 6 ingroup + 2 outgroup = 8 taxa. Taxa P. polygonus, P. (?) oregonensis and 
P. calvertensis merged into one taxon (Psephophorus merged). This was possible because 
these three species are contemporaneous Miocene and Pliocene forms whose data matrices 
differ only in the location of unknown characters. 
This new, condensed matrix is shown below. 
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] 
D. coriacea 4 2 1 0 1 2 1 3 2 1 
Psephophorus merged 3 2 1 0 1 2 1 3 1 0 
P. rupeliensis ? 2 1 0/1 0 2 1 2 ? 2 
P. eocaenus ? ? 1 0 1 ? ? 1 0 0 
P. terrypratchetti 2 2 1 1 1 1 0 1 ? 0 
Cosmochelys dolloi 1 1 1 0 0 1 ? ? 0 0 
Chelonia mydas 0 0 0 - - 0 0 0 
Eo!>phargis breineri 0 0 0 - - 0 0 1 
•Analysis 3 - results 
Number of trees evaluated: 10395 
Length of shortest tree found: 20 steps 
Frequency distribution of tree lengths: 
20 I# (62) 
















FIGURE 78 Strict consensus tree from analysis 3. 
•Analysis 3 - discussion 
The unchanged strict consensus tree and tree length of 20 indicate that the condensed matrix 
does still not allow PAUP to distinguish the dermochelyids into different clades. The frequency 
distribution of the tree lengths is less even than for analysis 1, but still unimodal. 
Analysis 4 
Settings: 10 characters with characters 1, 2, 3, 6, 7 and 9 coded as irreversible, character 8 as 
ordered, and characters 4, 5 and 10 as unordered. 
Number of taxa: 6 ingroup + 2 outgroup = 8 taxa. Taxa P. polygonus, P. (?) oregonensis and 
P. calvertensis merged into one taxon. The data matrix is identical to the matrix shown for 
analysis 3. 
•Analysis 4 - results 
Number of trees evaluated: 135135 


















Frequency distribution of tree lengths: 
20 I (15) 
211 (48) 
221 (63) 
23 I# (192) 
241# (177) 
25 I## (381) 
261## (513) 
27 I#### (834) 
28 1#### (1002) 
29 1###### ( 1350) 
30 1####### ( 1686) 























.__ __ P. rupeliensis 
.----+----~P. eocaenus 
,__ ____ P. terrypratchetti 
.___ __ C. dolloi 
1--------Eosphargis breineri 
'-------Chelonia mydas 
FIGURE 79 Strict consensus tree from analysis 4. 
Analysis 4 - discussion 
The result of this analysis shows that with a condensed matrix and ordered characters PAUP 
was able to separate dermochelyids into one clade and an unresolved basal polytomy. 
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The grade containing the Eocene species P. eocaenus, P. terrypratchetti and C. dolloi shares a 
primitive character state in the fusion of the neural plates, the evolution of the humerus, and the 
inter-ridge platelet number. More anatomical information is needed to resolve cladistic 
relationships amongst these taxa. 
P. rupeliensis is located in a branch of its own because it has very large platelets 
(autapomorphy), and a humerus which stands between more evolved and less evolved humeri 
of other dermochelyids. It clusters together with D. coriacea and the merged Miocene and 
Pliocene dermochelyids because it shows a similar derived status in the reduction of its primary 
carapace ( characters 6 and 7). D. coriacea and the merged Miocene and Pliocene dermochelyids 
form a clade characterised by the small number of inter-ridge platelets, the strong reduction of 
the neural plates, and the highly derived parathalassic humeri. 
An additional analysis with identical character settings as in analysis 4, but with no taxa 
designed to the outgroup, gave the same consensus tree, thus showing that the two cheloniid 
taxa Chelonia mydas and Eosphargis breineri form a natural grade. 
I regard the result of analysis 4, despite its polymodal frequency distribution of the tree lengths, 
as reliable because the different dermochelyid groups (one grade and one clade) only include 
animals with a similar age. 
However, I regard the unkeeled carapace in P. terrypratchetti as a significant autapomorphy 
which should separate this species from the Eocene cluster, suggesting that P. terrypratchetti is 
on a side-branch which did not give rise to any known later species. 
Figure 80 is an interpretation of the results of analysis 4 merged with the stratigraphic 
information from the dermochelyid taxa used. It shows the dermochelyids as a relatively 
young, Tertiary off-shoot from the cheloniid stem, with the cheloniid E. breineri near the base 
of this divergence. I regard this interpretation far more plausible than Hirayama's ( 1994) claim 
for a late Cretaceous origin of dermochelyid turtles. 
In the late Cretaceous the family Protostegidae occupied the niche for highly adapted, pelagic 
turtles. After its disappearance at the Cretaceous-Tertiary boundary the ecological niche 
formerly occupied by these big turtles was vacant. This triggered a renewed adaptation of the 
surviving chelonioids, which, again, led to the evolution of pelagic turtles with a severely 
reduced primary carapace and well adapted humeri. With the evolution of the unique secondary 
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P. rupeliensis (sensu Dolio) 
Primary carapace fully functional, no secondary carapace 
FIGURE 80 A possible phylogeny for dermochelyid turtles, complied using the results of cladistic analysis 4 and inforhtion 011 the age of the fossil 
turtles involved. Absolute time scale and European Stages after Harland et al. ( 1990). Ma= million years before prese The autapomorphies for 
different clades indicated by numbered squares are: [1] secondary carapace present, [2] secondary carapace without kee [3] presence or very large 
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Thin-sections of Psephophorus platelets and their use in 
classification 
Introduction 
Research on reptilian bone histology is mostly restricted to long bones, which show a more 
complicated histology than dermal platelets due to their cartilaginous predecessors, the 
involvement of muscles, and their different growth-pattern. Enlow (1969) and Ricqles (1976) 
discussed the histology of long bones in reptiles, using a very similar terminology and 
interpretation of the patterns observed. In the following I use their terminology to describe the 
histology of the platelets examined. 
Rothausen ( J 970) suggested that the platelet histology of dermochelyid turtles may be useful 
for classification. To test his theory I made and examined numerous platelet thin-sections 
myself and compared them with thin-sections figured and described by Rothausen ( 1958) and 
Dames ( 1894a). I came to the conclusion that different Psephophorus species cannot be 
distinguished by using .thin-sections of their platelets. 
Histology of dermal platelets 
The dermal platelets of the secondary carapace in dermochelyids are composed of two distinct 
types of bone tissue: the periosteal or primary bone, and the secondary, substitutional 
Haversian bone. 
Dermochelyid platelets grow by adding primary bone on their external surface. This primary 
bone can either show a lamellar, a pseudolamellar or a non-lamellar pattern, each distinct under 
polarised light (Enlow, 1969: 49). 
Of these, the lamellar bone, which is deposited during very slow growth, shows parallel 
oriented collagenous fibres and flattened osteoblasts. The non-lamellar bone is deposited 
during fast growth and has a random arrangement of collagenous fibres and osteoblasts, which 
occur in higher numbers. The pseudolamellar bone takes an intermittent place between these 
two, showing a 'bundled' appearance of collagenous fibres and flattened osteoblasts indicating 
an 'average' growth. 
Primary bone can further show small, primary canals which are due to a non deposition of 
bone-tissue, rather than a subsequent resorption. The more canals present, the faster the bone 
grew (Enlow, 1969: 47). 
In most reptilian bones the primary bone shows laminae, i.e. layers of primary bone with 
different histology (lamellar - non-lamellar, few canals - many canals), which result from 
intermittent growth (Enlow, 1969: 50; Ricqles, 197 6: 139). 
The secondary, or Haversian, bone is deposited in large canals which are formed either 
by enlargement of primary canals, or by resorption of primary bone in areas where no primary 
canals were present. These canals, with their tubular filling of secondary bone, are the so-







outwards into the primary bone; they are subject to ongoing replacement by new Haversian 
systems. This change from primary bone to secondary Haversian systems is not reversible. 
Material 
By comparing thin-sections of platelets from New Zealand dermochelyids OU 22258 (1 
section), OU 22176 (5 sections), OU 22177 (2 sections) and OU 22219 (4 sections) with 
published descriptions and figures of other species, and with a thin-section of P. calvertensis 
(OU 22273), I found many similarities between different species of Eocene to Miocene age. 
For the thin-sections the platelets were cut perpendicular to their surface and mounted on 
standard microscope slides. The thickness of these sections varies between 0.07 and 0.11 mm. 
DESCRIPTIONS OF PLATELET THIN-SECTIONS 
P. terrypratchetti OU 22258 (FRN J40/f206E) 
Thin-section OU 22258-1 (Plate 1, Figs. A and B, Plate 2, Fig. A) is a vertical section through 
a 22 mm thick and 26 mm wide platelet. It shows an outer layer of dense, primary bone and 
an internal part with many Haversian systems. The primary bone (indicated with p on Fig. A, 
Plate 1) is of the porous, non-lamellar type, thus indicating a fast deposition. The primary 
canals are infilled with calcitic cement and in some parts with abrasive powder (black). A few 
slightly darker lines run parallel to the surface near the transition from primary to secondary 
bone. These lines are not accompanied by a change in histology and thus are probably due to 
post mortem mineralisation processes. The primary bone is not laminated and it seems as 
though it was deposited in a single phase of growth. This growth phase must have been quite 
strong; at least 8 mm of bone were deposited. Perhaps there was even more primary bone 
built during this growth stage, and the Haversian systems in the lower part of the platelet 
obliterate this primary structure. 
A dark lining on the external surface of the platelet (Fig. B on Plate 1) consists of very fine 
(0.003 - 0.006 mm diameter), mostly subvertical, irregular and branching tubuli. This dark 
lining also occurs in other platelets examined, sometimes even on the internal border of the 
platelets; it also lines part of the serrated suture in a few samples. Because it is a secondary 
feature (no histological changes are caused by it) and it has a branching pattern, resembling 
organic growth, I regard it as being caused by a burrowing organism which colonised the 
platelets after the animal died. Similar burrows are also reported from the famous 'Hydrarchos' 
platelets. Abel ( 1901: 306) cited a letter written by Jaekel to Dames in which Jaekel describes 
the external part of a 'Hydrarchos' thin-section as (translated) "Under the surface one can see 
irregular canals probably caused by the fungi Mycelites oss(f'ragus Roux." The Mycelites 
oss(f'ragus burrows, as described by Roux ( 1887: 228), are identical to the burrows in my 
platelets. They are reported from fossil bone from the Trias (Muschelkalk) to the Pliocene and 
have diameters between 0.002 to 0.006 mm. Because the burrowed seams are, in some 
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examined platelets, present on the external and internal side, an explanation as caused by light 
dependent algae is less likely than an explanation as fungal burrows. 
The inner part of the platelet shows an increasing amount of Haversian systems, which tend to 
be larger and more frequent towards the internal border of the platelet. The horizontal 
structures on the left and right side in the lower part of Fig. A on Plate 1 are caused by lamellar 
bone which depicts the contact (zig-zagged suture) to neighbouring platelets. These sutures are 
lined with lamellar bone, which projects horizontal extensions into the surrounding bone. In 
Fig. A on Plate l the Haversian systems (one system is marked with a circle) replaced most of 
the primary bone, which is only preserved in small gussets between them. 
P. terrypratchetti OU 22176 (FRN J40/f205) 
In all the thin-sections the amount of bone matter is strongly reduced due to wide Haversian 
systems with large lumiria. 
All sections examined show fungal burrowing (Fig.Bon Plate 2), identical to OU 22158. 
Thin-section 22176-1 was made from an incomplete, 10 mm thick platelet with the internal 
surface eroded. It shows an about 0.3 mm thick Mycelites seam on both sides. On the 
external side of the platelet are only about 2 mm of non-lamellar primary bone preserved. 
Prominent Haversian systems occupy the other part of the thin-section. 
Thin-section 22176-2 displays the same dark Mycelites seam on both sides of the 12 mm thick 
platelet (Fig. B on Plate 2). Its structure is identical with platelet 22176-l. 
Thin-section 22176-3 also shows burrows on both eroded surfaces; only secondary bone with 
very large Haversian systems is preserved in this 11 mm thick platelet. 
Thin-section 22176-4 also has Mycelites burrows on each side, but is not as severely eroded 
( 13 mm thick). The primary bone is non-lamellar and occupies a 2 mm wide zone. The 
Haversian systems (Fig. A on Plate 3) are well developed and show wide central cavities. 
Thin-section 22176-5 (Fig. B on Plate 3) shows the dark fungal seam only on the external side. 
The dense outer layer of primary bone is non-lamellar and about 5 mm thick. The outermost 
2 mm show an arrangement of primary canals in layers parallel to the surface, these layers 
(marked with a white bar in Fig. B on Plate 3), which have the same non-lamellar bone 
structure as the rest of the primary bone, indicate a change towards a slightly slower growth. 
The primary bone slowly grades into more porous, secondary bone with big Haversian 
















P. terrypratchetti OU 22219 (FRN J40/fl 87) 
A cross-section through the platelet field of OU 22219 was photographed during the 
preparation process, before the separated fragments of this specimen were glued back together. 
This photo (Fig. 81) shows three platelets which are slightly separated along their sutures. It 
can also be recognised that the fine sculpturing on the internal side is completely irregular and 
stands in no relation to the borders of the platelets . 
FIGURE 81 P. terrypratchetti (OU 22219). Vertical section through platelets (enlargement ca. 
x 4.4), taken during preparation of the specimen . Note the gaping sutures and the hummocky 
appearance of the internal border. The external side of the platelets is up. 
Thin-section 22219-0 (Fig. A on Plate 4) is from an area where two , 20 mm thick platelets 
inter-finger along a suture. These two platelets show a close contact along a 1.5 to 2 mm wide 
zig-zagged suture which is partially infilled by sediment, indicating a post-mortem separation 
of the platelets. The presence of the suture influenced the structure of the surrounding bone; 
hori zontal extensions of lamellar bone, which coats the suture, spread into the surrounding 
platelets, causing a layered appearance in the arrangement of Haversian systems in the lower 
middle part of the section . Primary , non-lamellar bone is only present as an approximately 
4 mm thick layer. There is no sharp boundary between the primary bone layer and the more 
porous layer with Haversian systems, which increase in diameter towards the inner margin of 
the pl atelets. The primary bone, which can still be found in small gussets between Haversian 
systems in the middle part of the section, does not change its non-lamellar composition. The 
sharp contact between the secondary bone and the surrounding matrix, shows that the irregular 
sculpturing on the internal side of the platelets (see also Fig. 81) is a primary feature and not 
caused by erosion . A burrowed seam does not occur in this specimen. 
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Thin-section 22219-1 (Fig.Bon Plate 4) is from a 13 .5 mm thick and 21 mm long, internally 
damaged platelet. It shows an about 0.25 mm thick Mycelites seam on its external side, 
followed by about 2.5 mm of primary, non-Iamellar bone, which is interrupted by a very small 
zone of pseudo-lamellar bone. The primary bone as a whole has very many primary canals. 
The darker, brown lines, which run parallel to the surface of the platelet are caused by post 
mortem mineralisation processes (Fig. A on Plate 5). The primary bone grades into a more 
porous secondary bone with increasingly larger Haversian systems towards the inner border of 
the section . 
. Thin-section OU 22219-2 was made from an at least 20 mm thick fragment where two platelets 
join each other. In this section the external part of the platelet is not preserved, the whole bone 
is secondary in character, showing big Haversian systems. The zig-zagged suture is 1.5 to 
2 mm wide and is in its outer part infilled with sediment. 
Thin-section OU 22219-3 (Fig.Bon Plate 5) is from a 21 mm thick platelet with a fungal seam 
on its external side. The primary bone is about 3 mm thick, non-lamellar and interspersed with 
primary canals. The osteoblasts in the primary bone are arranged in indistinct layers parallel to 
the outer surface, indicating small changes in an overall fast growth rate. The Haversian 
systems gradually increase in number as well as in size towards the interior border of the 
platelet. 
P. terrypratchetti OU 22177 (FRN J40/fl 81) 
Two thin-sections from isolated platelets, which were removed from the holotype during 
preparation, are described below. 
Thin-section 22177-14 was made from a 13 mm thick platelet. It shows a thin, burrowed 
seam on its internal and external side, and about 2 mm of primary bone which is subdivided 
into two layers. These two layers both have a lamellar pattern, with the fibres oriented in 
different directions, thus allowing to recognise them as two distinct layers indicating slow 
growth. The relatively few primary canals and the small number of osteoblasts support a slow 
growth rate interpretation. The secondary bone shows a gradual increase in the size and 
abundance of Haversian systems towards the interior border of the platelet. 
Thin-section OU 22177-A (Fig. A on Plate 6) shows a platelet in its complete thickness 
( 14 mm) with a 4 mm wide, dense primary bone-layer and a fungal seam (Fig.Bon Plate 6). 
The lower 2 mm of the primary bone are non-lamellar, the upper 2 mm are lamellar. This 
lamellar bone is in itself structured in four layers with different thicknesses, also the extent of 
primary canals is smaller in these layers. The change from non-lamellar to lamellar depicts a 
change in the growth rate of the platelet; a fast growth rate was replaced by slower, and also 
intermittent growth. The secondary Haversian systems increase gradually in size and 


















zagged suture where it has been in contact with a neighbouring platelet. Extensions of lamellar 
bone from the suture nm into the platelet and cause a layered appearance of the Haversian 
systems . 
P. calvertensis OU 22273 
This thin-section of P. calvertensis was made from a 27 by 25 mm wide and 8 mm thick 
platelet. The platelet is incomplete with the outermost layer of bone missing. The thin-section 
shows an alternation of fine layers of lamellar and non-lamellar bone interspersed with very 
small Haversian systems, which are arranged in indistinct layers. Only in the most basal part 
of the section are large Haversian systems present. This thin-section is distinct from the New 
Zealand platelets in that it shows a fine alternation between fast and slow growth, and (in most 
of the bone) only very small Haversian systems interspersed in primary bone . 
P. (?)rupeliensis 
A description of a vertical section of P. (?)rupeliensis was given by Jaekel in Dames (1894a: 
218). This description reads as follows (translated): 
One can clearly recognise two layers: a dense outer layer, and an inner layer with very big 
spherical spaces that had been in contact with the soft body-parts of the animal. In this 
inner layer one can very clearly see the zonal layering along the walls of the cavities, 
which are easy to recognise in the section due to the more intensive colouring. Between 
these cavities, which appear in the section as rings, there is only little room left in which 
special structural changes, apart from an occasional fibre, which may be due to the 
enhancement of patterns during fossilisation, cannot be recognised. 
In the outer layer one can see a change from bigger Haversian cavities [ = Haversian 
systems] which, towards the exterior, become smaller and run out in Haversian canals [ = 
primary canals]. Those Haversian canals bifurcate without obviously changing their 
lumina. A fasciculate branching of the canals in fine tubuli could not be seen. The bone 
cells have a body of average size and very many, densely branched extensions. In the 
small areas around the Haversian cavities and canals, the bone-cell bodies are lengthened 
in the direction of the zonal structure, in the upper, dense layer they are more rounded. 
[additions in brackets mine] . 
The drawing given by Dames is reproduced in its original size as Fig. 82. 
It remains very uncertain whether the platelet which Dames received from Dolio, and which 
is said to derive from a P. rupeliensis carapace found in a clay at the village Basel near Boom 
(Dames, 1894a: 218 " ... welches dem Septarienthon von Basele bei Boom entstammt."), is 
really from P. rupeliensis. The only dermochelyid bones ever cited to come from (or near) the 
village Basel (or Basele) are the holotype specimens of P. rupeliensis sensu Beneden figured by 
Beneden. I regard it as very unlikely that Dolio would have sacrificed one of only five holotype 
platelets for thin-sectioning. It appears therefore more likely that Dollo sent a Psephophorus 
platelet from Niel, Steendorp or Rupelmonde. Because Dames did not cite a collection number, 
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I cannot tell whether that platelet derived from P. rupeliensis sensu Dollo or from a different 
contemporaneous species of Psephophorus (see discussion of P. rupeliensis on page 111 ). 
FIGURE 82 P. (?)rupeliensis (I.G. collection number not available). Vertical thin-section 
through a platelet from the Oligocene Rupelian Clay, Belgium, as figured in Dames ( 1894a: 
218) (ca. x 0.05). The external side of the platelet is up . 
Psephophorus sp. 
A description of a vertical section through a 'Hydrarchos' (Psephophorus sp.) platelet given by 
Jaekel in Abel (I 901: 305), translates as follows: 
The large spaces, which in part appear black due to secondary infill, are cross-sections of 
Haversian canals . These Haversian canals are in the upper zone, which is situated below 
the surface, smal !er and less dense [ ... ] than in the deeper layers [ ... ] of the upper zone. 
They increase in size [ ... ] towards the base, to finally leave only thin walls between their 
lumina. The calcified substance around these canals is arranged in concentric sheets, which 
can be followed quite some distance into the surrounding bone. These sheets don't form 
circu lar, sharply defined zones towards the exterior, as is otherwise very common in turtle-
shel I bones. The osteoblasts are rather randomly distributed in the ossified tissue, they 
become rare only below the surface. Their size is about 0.2 to 0.3 mm. They are as a rule 
a little stretched lengthwise, not only in the surrounding of the Haversian systems, where 
they are about five times as long as wide, but also, although in a less degree, in the middle 
parts of the section. 




















Further descriptions of thin-sections of P. ?rupeliensis (l.G. 8516), Psephophorus sp. (Ter. 
3), and P. scaldii (l.G. 8243) could be found in Rothausen (1958: 369). These short 
descriptions (translated) and the original figures (Figs. 83 and 84) (courtesy of Rothausen) are 
given below. 
In Ps. rupeliensis [ ... ] the upper part of the platelet is dispersed by only a few spaces. 
The lower part has dominant, big spaces (Haversian systems), between which only very 
thin ribbons of bone substance are preserved. 
In Ps. scaldii these large Haversian systems are barely smaller in the lower part, but 
their number is fewer, and smaller Haversian systems are added, thus leading to a 
preservation of more bone substance. The spaces in the whole bone structure are more 
surrounded by the zonar structures than in other species. 
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FIGURE 83 P. ?rupeliensis (I.G. 8516). Vertical thin-section through a platelet from the 
Oligocene Rupelian Clay, Belgium, as figured in Rothausen (1958: plate 3 fig. 7) (ca. x 0.07) . 
The scale bar is l mm long. The external side of the platelet is up. 
The description of Ter. 3 (Psephophorus sp.) from the upper Oligocene of Germany reads as 
follows (translated): 
The upper, dense part [ ... ] does not show a significant difference to Ps. rupelien.sis 
[ .. .]. The porous part, however, shows only small spaces which are widely separated from 
each other and[ .. . ] the lower part shows large Haversian systems, which only reach a 
degree of porosity similar to Ps. scaldii. Compared to Ps. scaldii the zonar structure is 
distinctly weaker, and parallel bundles of fibres are recognisable which do not occur in Ps. 
scaldii . 
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FIGURE 84 P. polygonus (P. scaldii) (I.G. 8243). Vertical thin-section through a platelet 
from the Miocene, Belgium, as figured in Rothausen (1958: plate 3, fig. 8) (ca. x 0.07). The 
scale bar is I mm long. The external side of the platelet is up. 
GENERAL DISCUSSION 
Rothausen ( 1958) summarised that the sections discussed by Dames ( 1894a: 218) show in 
general the same structural pattern as his sections, with a dense external layer of primary bone 
grading into a more porous (Haversian) internal bone structure. He also (1958: 370) stated 
that, although one could possibly see small differences in different species, it is unproven that 
thin-sections could be used for species determination due to unknown variations in the 
architecture of the platelets in different locations of the armour. Later, however, Rothausen 
( 1970: I 82) wrote that the Psephophorus group seems to show an evolutionary trend to alter 
the rnicrostructure of its epithecal armour, and that thin-sections may be useful for relationship 
determination. 
The differences proposed by Rothausen ( 1970) for distinguishing species of Psephophorus are 
the relation in the size of the area occupied by Haversian bone to the area occupied by primary 
bone, and the absolute size of the Haversian systems. To test Rothausen's idea I made multiple 
thin-sections of most of my specimens to find out whether the relation between primary and 
secondary bone and the size of the Haversian systems change within one species or even within 
one animal. 
Thin-sections 22177-14 and 22177-A are from the same animal, however they show a 















percentage of primary bone in different animals of the same species (P. terrypratchetti) led to an 
even wider variation, reaching from 36 % (OU 22258), to 20% (OU 22219-0), and to 14 % 
(OU 22219-3). Despite some uncertainties about the exact location of the border between the 
primary and secondary bone, these figures clearly prove that one cannot use the relation of the 
two bone types to distinguish between different species. 
The same applies to the size and density of the Haversian systems. A certain variation can be 
seen, but there are no distinct changes between the thin-sections from the Eocene (Jaekel and 
herein), Oligocene (Jaekel and Rothausen), and Miocene (Rothausen and herein). 
As Enlow ( 1969: 66) and again Ricqles ( 1976: 141) pointed out, there are many factors 
responsible for differences in reptile bone histology such as: 
-seasonal changes in growth 
-age of the animal 
-level of metabolism 
-position of the bone in the body 
-feeding habits 
I regard it as impossible to decide whether differences in bone structure were caused by the 
above listed factors, or whether they were inherited. Even the apparent difference of OU 22273 
(P. calvertensis), with its small Haversian systems and its numerous fine layers of lamellar and 
non-lamellar bone can be explained by ontogenetic and environmental factors. 
The descriptions given in Dames ( 1894a: 217-219) for a vertical section through a platelet of P. 
(?)rupeliensis and Rothausen's ( 1958: 369) descriptions for vertical sections of P. ?rupeliensis 
(T.G. 8516), P. scaldii (I.G. 8243) and Psephophorus sp. (Ter. 3), are basically identical. 
My material as well as the platelets described by Jaekel in Dames ( 1894a) and in Abel ( 190 I), 
and Rothausen's descriptions, clearly indicate that one cannot distinguish between 
Psephophorus species using thin-sections alone. 
Dames included in his 1894a paper a comparison of a section through a P. (?)rupeliensis 
platelet with a section through a platelet from a dermal bone layer which had been found 
together with archaeocete ('Hydrarchos') fossils in Alabama (Muller, 1849: plate 27). His 
conclusion was that the 'Hydrarchos' platelets did not derive from a turtle. He is comparing a 
I 00 times enlarged section of a 'Hydrarchos' platelet (Fig. 85) with a section of a platelet of P. 
('?)rupeliensis which is only enlarged 20 times (see Fig. 82). If one would enlarge his section 
of P. (?)rupeliensis equally 100 times, and only study a small area of dense primary bone, the 
two sections would look almost identical. 
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FIGURE 85 Psephophorus sp. (collection number not available). Vertical thin-section through 
a 'Hydrarchos' platelet from the Eocene of Alabama, USA, as figured in Dames (1894a: 219) 
(x 0.0 l ). The external side of the platelet is up. 
Abel ( 190 I: 305-306) cited Jaekel's description of the 'Hydrarchos' platelets (from the 
communication between Dames and Jaekel) in more detail, thus proving that the section figured 
in Dames ( 1894a) only pictured a very small part of the external primary bone. Why Dames 
and Abel came to the conclusion that the 'Hydrarchos' platelets are not turtle in character, I 
cannot say; there is no support for their claim, and even their descriptions contradict their 
'findings'. 
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Descriptions and discussions of non-dermochelyid marine turtles 
Introduction 
Non-dermochelyid Eocene turtles were found, apart from one specimen from Pahi Peninsula in 
the North Island (AU 6693), in a small area at Woodpecker Bay, Westland, on the West Coast 
of the South Island, grid reference K30 (1979): 751067 (see also Fig. I). All Woodpecker Bay 
turtles were found in loose boulders with a grey, silty mudstone matrix. Many specimens of 
the Kaiatan (middle to late Bartonian) crab Rachiosoma granuliferum (Glaessner, 1960) from 
the same locality, were found embedded in an identical matrix (Feldmann and Maxwell, 1990: 
790; Feldmann and Duncan, 1992: 458, 460; Feldmann and Keyes, 1992: 26; and R. M. 
Feldmann, personal communication, 1993), and thus used to refer the turtle fossils to the 
Kaiatan Stage (sensu Hornibrook in Fleming, 1959: 152). 
The Woodpecker Bay fossils point towards animals with a carapace length of 60 to 100 cm; 
they are clearly smaller than the Bortonian dermochelyids. Because each specimen by itself 
yielded not enough information to allow a classification down to family level, and because the 
fossil material was quite consistent with an interpretation of all specimens as probably 
belonging to just one species, I merged all the information of the Woodpecker Bay specimens 
to assess their taxonomic position (see discussion on page 193). 
SYSTEMATICS 
Order Testudines Linnaeus, 1758 
Suborder Cryptodira Cope, 1868b 
Superfamily Chelonioidea Baur, 1893 (emended after Gaffney and Meylan, 1988) 
Family Cheloniidae Oppel, 1811 (sensu Gaffney and Meylan, 1988) 
Definition: Marine turtles with a platycoelous articulation between the sixth and seventh 
cervical vertebrae. 
Type-genus: 
Chelonia Brongniart, 1800 
Comments: The family definition cited above was first proposed by Williams ( 1950) and later 
accepted in the work of Romer (1956) and Gaffney and Mey Ian (1988) who included all 
modern cheloniids ( Chelonia Brongniart, 1800; Caretta Rafinesque, 1814; Eretmochelys 
Fitzinger, 1843, and Lepidochelys Fitzinger, 1843) and the fossil genus Puppigerus Cope, 
1870 in this family. 
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Further genera may also belong to the Cheloniidae, but many of these are not known with the 
relevant cervical vertebrae. Romer ( 1956), who based his Cheloniidae definition on a multitude 
of characters, also including the cervical articulation, listed an additional fifteen extinct genera. 
Unfortunately the fossil non-dermochelyid turtles from the New Zealand Eocene are not known 
from cervical vertebrae six and seven. However, it will be shown that the fossil material cannot 
belong to any other chelonioid family, which is why they were assigned to the Cheloniidae by 
default rather than by positive proof (see page 193). 
DESCRIPTIONS AND DISCUSSIONS OF THE WOODPECKER BAY TURTLES 
Cheloniidae genus and species indet. OU 22175 (FRN K30/f 112) 
Order Testudines Linnaeus, 1758 
Suborder Cryptodira Cope, 1868b 
Superfamily Chelonioidea Baur, 1893 (emended after Gaffney and Meylan, 1988) 
Family Cheloniidae Oppel, 1811 (sensu Gaffney and Meylan, 1988) 
Synonymy: 'turtle' Fordyce, 1991. 
Material: A partial cervical, an almost complete lower jaw, fragments of ?scapula, costalia, a 
marginal and ribs, as well as other, unidentified pieces. 
~ 
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FIGURE 86 Cheloniidae, genus and species indet. (OU 22175). Sketch showing the location 
of bone fragments in an idealised cheloniid skeleton. Figure is based on a sketch of Chelonia 
mydas by Zittel (1902: fig. 297). 
181 
Location: According to Fordyce (1991: 1222) OU 22175 was found in situ in a concretion 
behind the boatsheds at Woodpecker Bay, Westland (J. Goedert, personal communication to R. 
E. Fordyce). This information is doubtful because there is no outcrop immediately behind the 
boatsheds at Woodpecker Bay. It appears more likely that the concretion derived from an 
outcrop of concretionary Kaiatan siltstone immediately south of the boatsheds. Grid reference 
K30 (1979): 751067. 
Horizon: Kaiata Formation (sensu Laird, 1988). 
Age: Kaiatan (middle to late Bartonian). Matrix removed during the preparation process was 
not kept for a microfossil search, the only indicator for a Kaiatan age is the siltstone matrix. 
Found: 1983 by J. Goedert; prepared by D. Wood. 
Descriptions: Each bone fragment received a number during my final preparation, under which 
it is listed below. 
•(I) A 128 mm long, slightly bent, 8 to 14 mm thick and 24 to 31 mm wide, elongated bone 
fragment, broken on both ends. Its identity in the skeleton could not be determined. 
•(II) A partial neural arch of a cervical vertebra (Fig. 87) with a total antero-posterior length of 
42 mm, and a maximum width of 25 mm. The neural arch itself has an antero-posterior length 
of 14 mm. The left postzygapophysis is broken near its base, and the right postzygapophysis 
is damaged, showing a length of 16 mm from the posterior opening of the neural canal to its 
ventral facing postzygapophysial facet. The neural arch shows on its dorsal side a minute 
symmetrical sculpturing: on both sides of a small median ridge is an elongate, triangular 
shaped pit which shallows and disappears while running partially out onto the 
postzygapophyses. Those pits were most likely (Gase, 1981: 362) for the attachment of the 
Musculi interneurales (interculares) Hoffmann, 1890. 
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FIGURE 87 Cheloniidae, genus and species indet. (OU 22175). Dorsal view of a partial 
neural arch of a cervical vertebra. 
•(III) A 12 mm long, up to 36 mm wide and 3 to 8 mm thick, flat bone, which probably formed 
part of a costalia. 
•(IV) A 48 mm long, up to 9 mm wide and 2 mm thick bone fragment (?costalia). 
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•(V) An up to 8 mm thick and 115 mm long, flattened fragment of a thoracic rib. 
•(VI) A 37 mm long, and 1 to 3 mm thick splinter of a ?costalia. 
•(VII) A 77 mm long, 32 mm wide and around 5 mm thick, strongly convexo-concave marginal 
plate fragment. 
•(VIII) A partial lower jaw with the two dentaries tightly fused at their anterior ends, forming an 
angle of about 50 degrees (Fig. 88). The most anterior part of the jaw is blunt and low with a 
19 mm wide, anteriorly inclined mastication surface. The left dentary is almost complete and 
I 03 mm long with a minimum ventral width of 9 mm at half its length. The lingual part of the 
?coronoid is partially preserved. The right dentary is very incomplete and only 45 mm long. 
It also shows a rounded ventral part narrowing very much to an externally concave and 












FIGURE 89 Cheloniidae, genus and species indet. (OU 22175). Oblique ventral view of 
partial lower jaw. The dashed line indicates the axial symmetry of the jaw. 
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Both dentaries are strongly narrowing dorsally showing up to 20 mm high and 6 to 8 mm thick, 
subvertical walls. At the ventral anterior tip of the lower jaw the dentaries are widest with an 
antero-posterior diameter of 24 mm and a minimum dorsoventral height of only 16 mm. The 
fossa meckelii is obstructed by matrix, but its anterior continuation, the sulcus cartilaginous 
meckelii can be observed (Fig. 88). The left dentale is separated on its posterior end by a fine 
suture from the medially situated angulare. Median to the angulare is a further suture 
indicating the border to the prearticulare. Due to the indifferent preservation of the specimen 
the suture between the angulare-prearticulare and the articulare could not be found. 
Unfortunately the articulare is somewhat eroded, thus not allowing to decide whether the 
articulation smface itself was convex or concave. It seems as though the articulation surface 
was built by the articulare alone, but preservation does not allow to exclude the possible 
participation of the surangular in this structure. 
•(IX) A 68 to 122 mm wide and 3 mm thick, somewhat convex, unsculptured costal plate 
fragment. 
•(X) A 36 mm long head of a small rib. The proximal part of the rib-head shows an antero-
posterior length of 30 mm and a width of 17 mm. Thirteen mm distal to the articulation facet, 
the rib-neck is smallest with an antero-posterior length of 13 mm; it widens again distally. The 
dorsal part of this fragment is hidden under another bone fragment, thus no information on the 
existence of median projecting costalia could be obtained. 
Discussion: 
The fragmentary preservation of almost all the elements of OU 22175 makes an identification of 
the individual bones very difficult. The only little reduced carapace elements (III, IV, IX), and 
the marginal plate fragment (VII), however, indicate a marine turtle with a primary dorsal shell, 
i.e. a non-dermochelyid turtle. 
The articulation surface of the lower jaw is not sufficiently preserved and it cannot be observed 
whether it carried two concavities separated by a median ridge (as typical for cryptodiran 
turtles) or was convex (as typical for pleurodiran turtles) (Gaffney, 1979: 217). 
The lower jaw is very similar to a mandible of Chelonia mydas (Vt 641), but because 
preservation does not allow to decide whether the surangular participates in the articulation 
surface of the mandible, I can't be sure about the cheloniid identity of OU 22175. According to 
Romer ( 1956: 510) in marine turtles the surangular participates in the joint surface of the 
articulare only in the Cheloniidae. 
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The size of OU 22175 could be estimated by comparing the dimensions of the mandible with 
one of an adult Chelonia mydas (Vt 641 ). The following relation between the length of the 
mandible and the length of the carapace could be established: 
Tip of lower jaw to posterior tip of articulare 






828 mm ( calculated) 
The estimate of a carapace length of about 830 mm for OU 22175 is supported by the sizes of 
the partial cervical and the rib fragment (X). 
Cheloniidae genus and species indet. OU 22216 (FRN K30/fl 13) 
Order Testudines Linnaeus, 1758 
Suborder Cryptodira Cope, 1868b 
Superfamily Chelonioidea Baur, 1893 (emended after Gaffney and Meylan, 1988) 
Family Cheloniidae Oppel, 1811 (sensu Gaffney and Meylan, 1988) 
Material: A partial hyo- or hypoplastron, small plastron fragments, and a rib-fragment with a 
costal plate (Fig. 90). 
FIGURE 90 Cheloniidae, genus and species indet. (OU 22216). Sketch showing the location 
of bone fragments in an idealised cheloniid skeleton. Figure is based on a sketch ofChelonia 
mydas by Zittel ( 1902: fig. 297). 
Location: At the boatsheds at Woodpecker Bay, Westland. The turtle bones were found in a 
small cobble, which derived from an outcrop of Kaiatan siltstone just south of the boatsheds. 
Grid reference K30 (1979): 751067. 
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Horizon: Kaiata Formation (sensu Laird, 1988). 
Age: Kaiatan (middle to late Bartonian). The matrix was examined for microfossils but held 
only a few foraminifera (Cibicides sp., Globorotalia sp., Globigerina angiporoides) 
representing Bortonian to Runangan Stages (Hornibrook et al., 1989). 
Found: 13 April 1993 by R. Kohler. 
Descriptions: 
•(I) A proximal part of a rib with a broad, wide costal plate visible on its prepared ventral side, 
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Cheloniidae, gerius and species indet. (OU 22216). Rib with costal plate viewed 
from ventral. Outline of reconstructed costal plate indicated by dashed line. 
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FIGURE 92 Cheloniidae, genus and species indet. (OU 22216). Cross-section through rib 
and costal plate. 
The incomplete, 121 mm long and maximal 42 mm wide costal plate fragment is slightly 
concave and smooth on its ventral side. The costal plate reaches medially above the rib-head to 
form a small, 15 mm wide ledge which shows a straight, serrated border (suture) where a 
neural plate had joined it in life. In some areas where the thin but dense outermost ventral 
bone layer is eroded, a faint radial pattern can be recognised in the bone. This pattern radiates 
from the neck of the rib-head outwards and laterally to stop at the serrated suture for the costal 
plate. The whole costal fragment is broken along a line running slightly oblique to the rib axis. 
This cross-section, which also cuts through the rib-head, reveals a thickness at the articulation 
head of 13 mm and a more constricted, 7 mm wide neck between the head and the costal plate. 
The costal plate is 3 mm thick in its median part, 9 mm thick immediately distal to the 
attachment of the rib-head and 4 mm thick on its most distal part. The cross-section also 
shows porous bone with a paper-thin to I mm thick outer layer of dense bone on both the 
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ventral and dorsal sides. No differences in bone histology can be seen between the rib and its 
fused costal plate. 
•(II) A 53 mm long, 12 mm wide and maximal 5 mm thick part of a plastron-spine displays a 
smooth, convex side opposing a side with almost parallel ridges which convert into a low 
median saddle that runs out towards the distal end of the spine. 
•(III) A roughly triangular, flat bone with 60 to 70 mm long sides, with the largest side clearly 
convex. The thickness of this convex side is only 2 mm, whereas on the opposite corner the 
thickness is 8 mm. The three sides appear to be unbroken and rounded out. A fine fan-shaped 
bone pattern radiates out from the 8 mm thick corner. At this corner the bone plate shows a 
broken face which displays a relatively porous but laminated inner part with an about I mm 
thick dense outer layer on one side and a paper-thin dense outer layer on the other side. 
•(IV) A plastron-element with its exposed ventral side slightly convex (Fig. 93) shows a 
radiating bone-pattern which runs out in plastron-spines carrying small ridges. 
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FIGURE 93 Cheloniidae, genus and species indet. (OU 22216). Part of a hyo- or 
hypoplastron with reconstructed outline (dashed line). 
This plastron element is I 42 mm long and I 04 mm wide with a thickness along its broken 
median part of 8 mm. This median cross-section displays an about 3 mm wide central layer of 
very porous bone with 2 mm wide cavities, surrounded by bone with less and smaller pores. 
The outermost thin dorsal and ventral layers are very dense. The nine recognisable plastron-
spines are all incomplete and show each a bigger median ridge parallel to smaller lateral ridges. 
Those spines appear to end laterally in (mostly missing) paper-thin edges. 
•(V) An only partially exposed plastron fragment, which is 73 mm wide and at least 82 mm 
long and slightly convex-concave with a thickness between I and 4 mm. A cross-section 
along a broken part shows a porous bone covered by a thin, dense bone layer. 
187 
Discussion: 
The shape of the partial plastron element (IV) indicates that OU 22216 is a marine turtle, 
because only marine turtles possess reduced plastrons with evident plastron spines. The partial 
rib (I) is very close in shape to ribs from Chelonia mydas (Vt 641) and indicates a turtle with a 
primary carapace built by fused costal plates. Also the proximal extension of the costal plate 
with its suture dorsal to the rib-head shows that it was fused to a neural plate, to form part of a 
rigid dorsal capsule. These anatomical features show that OU 22216 is not a dermochelyid 
turtle. 
The rib (I) with its fused costal plate seems to have been about 80 mm wide at its proximal part. 
When compared with the width of costal plates in OU 22277 and Vt 641 (both Chelonia mydas) 
an estimated minimum carapace length of about Im for OU 22216 appears to be most likely. 
This estimate is based on the assumption that the partial rib derived from the middle part of the 
carapace. 
Cheloniidae genus and species indet. 0 U 22217 (FRN K30/fl 14) 
Order Testudines Linnaeus, 17 58 
Suborder Cryptodira Cope, 1868b 
Superfamily Chelonioidea Baur, 1893 (emended after Gaffney and Meylan, 1988) 
Family Cheloniidae Oppel, 1811 (sensu Gaffney and Meylan, 1988) 
Material: Plastron elements, rib fragments, phalanges, and fragments of marginal plates, which 
are dark brown to black in colour and not of a very good preservation (Fig. 94). 
Location: About 300 m north of the boatsheds at Woodpecker Bay, Westland. Found in a large 
boulder close to the high tide line. Grid reference K30 (1979): 751067. 
Horizon: Kaiata Formation (sensu Laird, 1988). 
Age: Kaiatan (middle to late Bartonian). Foraminifera found in the processed matrix (Cibicides 
parki, Pseudohastigerina micra, Cibicides sp.) cover more than the Eocene period and were 
therefore of little use for additional age confirmation. 
Found: 13 April 1993 by R. E. Fordyce. 
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FIGURE 94 Cheloniidae, genus and species indet. (OU 22217). Sketch showing the location 
of bone fragments in an idealised cheloniid skeleton. Figure is based on a sketch of Chelonia 
mydas by Zittel ( 1902: fig. 297). 
Descriptions: The specimen contains 22 incomplete bones. 
•(I) A 16 mm wide, 7 mm thick, and 47 mm long marginal plate fragment shows an arched 
cross-section which is strongly convex on one side and slightly concave on the opposite side 
and thinning towards the edges. The bone is very porous, and no dense outer layer can be 
recognised. The shallow concave face displays a 7 to 9 mm wide, and 4 mm deep oval pit into 
which the distal part of an adjoining rib inserted. 
•(II) A 41 mm long, 17 mm wide and 4 mm thick distal part of a rib. The bone is very porous 
with a dense, paper-thin outermost layer that shows fine ridges running parallel to the direction 
of the rib. The cross section resembles an aeroplane-wing with a rounded part opposed by a 
thinning-out edge. 
•(HI) A 34 mm long, 21 mm wide and 4 mm thick part of a rib with fine parallel ridges. The 
bone is very porous with paper-thin, dense outer layers. Sections exposed at the broken ends 
are biconvex, with one side slightly more convex. 
•(TV) A 16 mm wide, 33 mm long and 4 mm thick rib fragment. Its histology and general 
shape are very similar to (III). It is straight as are all the other rib fragments. 
•(V) A 27 mm long, 17 mm wide and 4 mm thick, badly preserved fragment of a rib. It is 
biconvex in cross-section with wide, very thin, flat areas on both sides. A median bulge 
occupies approximately 1/5 of the total width. Its histology is identical to (III). 
•(VT) recognised as belonging to VII, therefore abandoned. 
•(VII) A 62 mm long and maximal 19 mm wide fragment which is strongly convex on one side 
and shallow concave on the opposing side. The convexity is nearly 90 degrees and also 
slightly curved and convex along its axis. The fragment is 6 mm thick along its median line 
and thins to a lateral thickness of about 2 mm. This very porous bone, with a paper-thin outer 
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layer of dense bone, is very similar in appearance to fragment (I) and could also be part of a 
marginal plate. 
•(VIII) An indistinct, very small splinter. 
•(IX) A 12 to 25 mm big fragmentary, very porous head of a rib with very thin, dense outer 
bone layers. The shaft shows a strong constriction (neck) distally to the strongly eroded 
articulation facets of the head. 
•(X) A 21 mm long, 9 mm wide and 5 mm thick, convex-plane, straight phalanx fragment. 
The bone is constricting from its 9 mm wide, oval end, which shows a slightly convex 
articulation facet, to an almost circular, 4 mm wide broken end. 
•(XI) One segment of OU 22217 with five bone elements in it. 
•(XI a) A 30 mm long, 17 mm wide and 3 mm thick rib fragment, still partially displaying a 
paper-thin dense, outer layer with fine, parallel running ridges. 
•(XI b) A 36 mm long, badly damaged fragment of a rib. 
•(XI c) A 90 mm long distal fragment of a rib. It is 17 mm wide at its proximal end, 6 mm 
wide at its distal end and 4 to 5 mm thick. The sculpturing (fine parallel ridges) is more 
accentuated towards the distal end of the rib. A cross-section at its proximal end is biconvex 
with one side showing a stronger convexity. The distal cross-section is 6 to 7 mm wide and 
strongly convex. The bone is slightly arched along its axis, but not bent in an anterior-
posterior direction. 
•(XI d) A 79 mm long, 4 mm thick and about 17 mm wide, very porous rib fragment with a 
plane-concave cross-section. 
•(XI e) This bone is mostly covered by sediment and fragment XI d; it shows a width s1milar to 
fragment XI d and forms probably a part of it. 
•(XII) Four pieces of OU 22217 fitting together along broken borders. They were not glued 
back together to allow the study of all bone fragments. 
•(XII a) A 5 mm thick, 52 to 83 mm wide, slightly arched bone plate. A dense outer layer is 
still recognisable in one part. This fragment could be a partial plastron (hypoplastron) but the 
preservation does not allow to positively identify it as such. 
•(XII b) A 70 mm long, 17 mm wide and about 3 mm thick rib fragment similar to (V). It 
shows broad, flat and thin areas along the edges, and a strongly arched median ridge, 
occupying 1/5 of the total width. 
•(XII c) A 85 mm long, 14 mm wide and about 4 mm thick badly damaged rib fragment. It is 
slightly curved and shows no obvious convexity in cross section. 
•(XII d) A wing shaped, slightly convex hyo- or hypoplastron element, 161 mm across at its 
widest part but only 4 to 5 mm thick (Fig. 95). It shows two separate groups of ridges at its 
edges (fringes), with larger ridges developing into spines (their distal parts are broken). 
•(XII e) Another big part of a slightly convex, 135 mm wide plastron element which also 
displays two groups of spines separated by a gap. It is only 6 mm thick along its broken side. 
190 
5cm 
FIGURE 95 Cheloniidae, genus and species indet. (OU 22217). Wing shaped fragment of a 
hyo- or hypoplastron. 
•(XII f) An indistinct, very small splinter which could not be exposed any further without 
endangering other elements. Its identity could not be established. 
•(XIII) A 34 mm long, cylindrical bone with a maximum diameter of 13 mm, showing on one 
end a slightly convex articulation facet, separated by a small rim from the shaft. The shaft of 
this probable phalanx carries fine, irregular ridges. 
Discussion: 
It is very likely that fragments I and VII were part of marginals (sensu Zangerl, 1969: 320), an 
identification supported by the indentation occurring in fragment I. Fragment Xis most similar 
to a distal phalanx of a marine turtle; it is too straight to be identified as a partial rib, and too 
small for limb bones other than phalanges. The same applies to (XIII), which leaves as the 
only possible identification that of a partial phalanx. Fragments XII ct and XII e are 
undoubtedly parts of fringed hyo- or hypoplastron elements which are typical for some 
chelonioids (Dermochelyidae have severely reduced, rod-like plastral bones). The ribs, which 
show the tendency of thin edges disappearing towards the distal end, to give way to a more 
rounded, cylindrical cross section (XI c), are also typical for marine turtles with a fontanellised 
carapace. 
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A size estimate for OU 22217 is obviously very difficult due to the incompleteness of the 
material. Comparing identified bone fragments with bones of a Chelonia mydas (OU 22255) 
Jed to a very approximate size estimate of 60 to 80 cm carapace length for OU 22217. 
Cheloniidae genus and species indet. OU 22218 (FRN K30/fl 15) 
Order Testudines Linnaeus, 1758 
Suborder Cryptodira Cope, 1868b 
Superfamily Chelonioidea Baur, 1893 (emended after Gaffney and Meylan, 1988) 
Family Cheloniidae Oppel, 1811 (sensu Gaffney and Meylan, 1988) 
Material: Two costalia fragments, a fragment of a coracoid, a small fragment of a partial neural 
plate with a fused neural spine, and two indetermined fragments (Fig. 96). 
FIGURE 96 Cheloniidae, genus and species indet. (OU 22218). Sketch showing the location 
of bone fragments in an idealised cheloniid skeleton. Figure is based on a sketch of Che Zonia 
mydas by Zittel (1902: fig. 297). 
Location: At the boatsheds in Woodpecker Bay, Westland. Grid reference K30 (1979): 
751067. 
Horizon: Kaiata Formation (sensu Laird, 1988). 
A£e: Kaiatan (middle to late Bartonian). Matrix removed during preparation yielded the 
foraminifera Globorotalia nana, (Kaiatan to Runangan), supporting the Kaiatan age indicated by 
fossil crabs. 
Found: 28 May 1993 by R. Kohler. 
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Descriptions: 
•(I) A 73 to 96 mm wide and about 3 to 6 mm thick, costal plate fragment. A 6 mm thick, 
elongate region is accompanied on each side by about 3 mm thick, flat bone. The exposed 
surface is smooth without any sculpturing or growth pattern. The bone is very porous in 
cross-section, with paper-thin dense outer layers of bone on each side. 
•(II) A 95 mm long, dense bone which is 14 to 23 mm wide at one end, and 14 to 22 mm wide 
at the opposite, also broken end. This partial coracoid is twisted with about 45 degrees so that 
the slightly oval cross-sections on both ends appear shifted in respect to each other. In cross-
section the coracoid shows a slightly more porous core with a I to 1.5 mm thick, dense outer 
layer. 
•(III) A 91 to IO I mm wide, and 3 to 7 mm thick, convex-concave costal plate fragment. The 
7 mm thick region forms a slight saddle, surrounded by thinner bone. It has a smooth surface 
without any sculpturing or visible bone pattern. The bone is very porous in cross-section with 
only paper-thin dense outer layers. 
•(IV) A 14 to 16 mm wide and at least 60 mm long fragment, with irregularities (indentations) 
along its shaft. These irregularities could be post mortem, but the fragment (i.e. its surface) is 
not preserved well enough to be certain. The bone fragment is triangular in cross-section. 
•(V) An indistinct 55 mm long, very fragmentary splinter. 
•(VI) A 29 to 41 mm wide fragment (Fig. 97, see also Fig. 103 for a schematic sketch) of a 
very porous, about 4 mm thick, unsculptured neural plate with a fragmentary 20 mm long 
neural arch attached. The neural spine connecting the neural arch with the neural plate, is 
3 mm wide and very porous. 
~-/:,- ~· ·: . 
dorsal 
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FIGURE 97 Cheloniidae, genus and species indet. (OU 22218). Fragmentary neural plate 
with a fused neural arch. 
Discussion: 
The costal plate fragments (I, III) and the neural plate with its neural arch (VI) show that OU 
22218 are remains of a marine turtle with a functional primary carapace. The coracoid (II), 
which compares well with coracoids of Chelonia mydas (OU 22255 and Vt 641) further 
supports the non-dermochelyid character of OU 22218. 
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The size of the animal could only very approximately be estimated to about 80 to I 00 cm 
carapace length by comparison of coracoid size and costalia width with OU 22255. 
THE TAXONOMIC POSITION OF THE WOODPECKER BAY TURTLES 
The reduced carapace and plastron elements of the Woodpecker Bay turtles, and the marine 
environment in which they were found, are seen here as indicating that these animals belong to 
a group of marine turtles. Because each specimen by itself does not only allow a classification 
to family level, and because the similar size and morphology of all Woodpecker Bay turtles 
allows an interpretation of all these specimens as belonging to one species, I considered the 
merged information of all fossil specimens to further detail their taxonomic position. Given 
such an approach, out of the six marine turtle families recognised in this thesis (see page 43), 
the families Pelomedusidae, Dermochelyidae, Protostegidae, Toxochelyidae, and 
Desmatochelyidae cannot accommodate the Woodpecker Bay animals. 
The Pelomedusidae are the only family in the suborder Pleurodira (sensu Gaffney and Meylan, 
1988) which include marine taxa (Benton, 1993). These marine taxa are represented by 
Bothremys Leidy, 1865, and Taphrosphys Cope, 1869. Finds of Bothremys are restricted to 
the Cretaceous period (Gaffney, 1977), whereas Taphrosphys is known from the species 
Taphrosphys sulcatus (Leidy, 1856), which occurs in the late Cretaceous, and from the 
species Taphrosphys olssoni (Schmidt, 1931), which is known from the Paleogene (Weems, 
1988; Gaffney, 1975b). The species Taphrosphys olssoni was described by Schmidt (1931) 
and Gaffney (1975b) as possessing a broad, unreduced plastron with rounded borders. 
Plastron elements known from the Woodpecker Bay turtles show distinct fringes on reduced 
hyo- or hypoplastron elements, and thus differ distinctively from the species Taphrosphys 
olssoni. 
The Dermochelyidae (sensu this thesis) possess a secondary armour and a dramatically reduced 
primary carapace which lacks marginal plates. The Woodpecker Bay turtles show a reduced 
but fully functional primary carapace with marginal plates. 
The Protostegidae (sensu Zangerl, 1953) are described as possessing neural plates which carry 
a sagittal keel (Zangerl, 1953: 128). Fragment VI of specimen OU 22218 shows a neural plate 
devoid of such a sagittal keel. Furthermore, protostegids are only reported from Cretaceous 
strata and are generally regarded as being restricted to this period (e.g. Zangerl, 1953: 123; 
Benton, 1993: 685; Hirayama, 1994: 282). 
The Toxochelyidae (sensu Zangerl, 1953) are small to medium sized marine turtles with wide 
mandibular triturating surfaces (Zangerl, 1953: 145). A partial lower jaw from Woodpecker 
Bay (fragment VIII of OU 22175) only shows a small triturating surface restricted to the 
anteriormost part of the mandible. Apart from this difference all toxochelids, except 
Osteopygis Cope, 1868c, and Erquelinnesia Dollo, 1887b, are reported from late Cetaceous 
strata only. These two late Cretaceous to Eocene genera, however, show extremely large 
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triturating surfaces (Zangerl, 1953: fig. 61) in which they differ distinctly from the 
Woodpecker Bay mandible. 
The family Desmatochelyidae (sensu Gaffney and Meylan, 1988) includes only the genera 
Allopleuron Baur, 1888, Desmatochelys Williston, 1894, and Notochelone Lydekker, 1889c, 
all of which are restricted to the late Cretaceous (Romer, 1956; Gaffney, 1990; Nicholls, 1992; 
Benton, 1993). Gaffney's, as well as other classifications, are based on cranial and limb 
characters which are not known from the Woodpecker Bay fossils. Despite this lack of 
comparative characters I regard the restricted age range of the Desmatochelyidae as sufficient to 
exclude the Woodpecker Bay turtles from this family. 
This leaves the Cheloniidae (sensu Gaffney and Meylan, 1988), which flourished during the 
Tertiary, as the only family to which the Woodpecker Bay turtles may be referred to. The 
Cheloniidae include four out of five extant marine turtle genera, as well as many fossil genera. 
The presence of a small triturating surface on a dentary (fragment VIII of OU 22175) points 
towards animals which, unlike the dermochelyids, also fed on plant material. Because a 
vegetarian or semi-vegetarian lifestyle occurs in many cheloniid genera, this feature cannot be 
used to place these fossils in a particular cheloniid genus. 
DESCRIPTION AND DISCUSSION OF THE PAHI PENINSULA TURTLE 
Cheloniidae genus and species indet. AU 6693 (FRN Q08/f268) 
Order Testudines Linnaeus, 1758 
Suborder Cryptodira Cope, 1868b 
Superfamily Chelonioidea Baur, 1893 (emended after Gaffney and Meylan, 1988) 
Family Cheloniidae Oppel, 1811 (sensu Gaffney and Meylan, 1988) 
Synonymy: 'tortoise' Sporli and Kadar, 1989. 
'large turtle' Fordyce, 1991. 
Material: The turtle fragments are in five small blocks which contain 19 individual bones, none 
of which is perfectly complete. It was possible to identify a right humerus, a fragmentary 
cervical vertebra, a posterior thoracic vertebra with fused neural plate, three rib-fragments and 
parts of hyo- or hypoplastral elements (Fig. 98). The bone material is black and of good 
preservation. 
Location: Found on a shore platform at Pahi Peninsula, Northland (Kaipara Harbour) (Sporli 
and Kadar, 1989: 118). Grid reference Q08 (1978): 207596. 
Horizon: Pahi Greensand from the Opahi Group of Northland (Sporli and Kadar, 1989). The 
fossil was found in situ. 
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Age: Kaiatan to Runangan (middle Bartonian to Priabonian). Foraminifera (Vulvulina 
hortmzica, Globorotalia ?dolobrata, Globigerina angiporoides minima, Nuttalides truempy) 
which I sampled during preparation, support a Bortonian to Runangan age. Sporli and Kadar 
( 1989: 118) gave a late Bortonian to Runangan age for this turtle, referring to not further 
detailed "nanofossil assemblages". Fordyce (1991: 1222) cited a Kaiatan age for AU 6693 
based on Kadar's nanofossil determinations (R. E. Fordyce, personal communication, 
November 1995). I regard a late Bortonian age for AU 6693 as very unlikely, because Sporli 
and Kadar ( 1989: 117) reported Chiasmolithus oamaruensis, which is otherwise only known 
from Kaiatan and Runangan strata, from the lowermost part of the Pahi Greensand (see also 
discussion of stages in Waihao Greensand chapter). 
Found: in 1986 or 1987 by Sporli and Kadar (Fordyce 1991: 1222). Mostly prepared by G. S. 
Ferguson. 
FIGURE 98 Cheloniidae, genus and species indet. (AU 6693). Sketch showing the location 
of bone fragments in an idealised cheloniid skeleton. Figure is based on a sketch of Chelonia 
mydas by Zittel (1902: fig. 297). 
Descriptions: 
•(I) A maximal 116 mm wide and 213 mm long, slightly convex (ventral) and concave-flat 
(dorsal) hyo- or hypoplastron element with a thickness between 4 and 18 mm. The plastron 
shows very thin outer layers of dense bone on both sides, and a fine radial bone structure on 
the exposed ventral side. Only in a small area is a rounded edge with a slight keel towards the 
ventral side visible. Two partial plastron-spines are recognisable on the fragment: they are 7 
and 9 mm wide at their broken ends and show circular cross-sections. 
•(II) A partially distorted and incomplete right humerus (Figs. 99 to 10 I). The caput humeri 
and the lateral process are poorly preserved, only their bases are recognisable. The humerus is 
slender and quite constricted distal to the lateral process. The total preserved length from the 








The dorsal side displays a deep groove parallel to the 
anterior border of the bone, the about 6 mm wide 
canalis ectepicondyloideus. Its exact extent and shape 
cannot be described in more detail due to the distortion 
of the humerus. The broken massive base for the 
caput humeri is located 128 mm distal to the proximal 
end. The distal end of the humerus is 59 mm wide and 
20 mm thick. It constricts towards the base for the 
lateral process to reach a minimum width of 31 mm, 
about 93 mm away from its proximal end. The 
thickness at this point is 21 mm, thus giving an almost 
oval cross-section. The ventral side at the distal end is 
flat to slightly concave, the dorsal side is slightly 
convex. The distal posterior border is thinner than the 
anterior border which leads to a slightly wedge shaped 
cross-section. Further towards the proximal end 
(about 130 mm away from the distal end) is the 22 mm 
thick base of the missing caput humerus and the lateral 
process. The preserved part of the proximal end of the 
humerus, leading to the processus medialis, has a 
minimum width of 40 mm and is convex on its ventral 
side and strongly concave on its dorsal side, 55 mm 
distal to the base for the caput humerus. This 
concavity on the dorsal side is accentuated due to post 
mortem breaks and the dislocation of the humerus, but 
there was undoubtedly a concavity present. The 
posterior edge of this part of the humerus is only 4 mm 
thick and more fragile than the anterior edge which is 
11 mm thick with a rounded shoulder. The processus 
medialis is only partially preserved as a round, 32 mm 
wide and 24 mm thick knob which formed part of a 
larger, but now missing proximal end of the humerus. 
FIGURE 99 Cheloniidae, genus and species indet. 
(AU 6693). Partial humerus seen from ventral, 
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•(III) A 49 to 57 mm wide and 5 mm thick, costal plate 
fragment with a dense outer layer covering very 
porous bone. 
•(IV) The ventral part of a cervical vertebra. The left 
anterior ventral part of the centrum with its 
articulation surface is preserved as a strongly convex. 
11 mm wide (dorsoventral) and about 14 mm thick 
(lateral) process. The vertebra is badly crushed with 
only the left anterior ventral part, parts of a ventral 
ridge and a small area of the anterior articulation 
surface preserved. The centrum has a maximum 
antero-posterior length of 55 mm and a minimum 
lateral width (at about half its length) of about 18 mm. 
The width could have been more, but due to the bad 
preservation the measurement can only give a 
minimum size. The left part of the ventral process is 
also damaged and does not allow measuring. At its 
anterior part the cervical centrum shows a strongly 
distorted concavity. 
•(V) A 126 mm long rib fragment with a distal end 
with an almost circular 7 to 8 mm wide cross-section. 
Towards its proximal end the rib widens and flattens; 
showing a preserved width of 25 mm and a thickness 
along its broken edges of 1 mm. The rib fragment 
has fine ridges parallel to its axis. The porous inner 
section of bone is covered by thin, dense outer bone. 
Despite being distorted the rib still reveals a slight 
arching. The maximum median thickness at the 
proximal end of the rib is 4 mm. 
•(VI) A 85 to 140 mm wide and 2 to 7 mm thick, 
plastron fragment with broken edges all around. The 
prepared slightly convex side is smooth. without any 
FIGURE l 00 Cheloniidae, genus and species indet. 
(AU 6693). Partial humerus seen from posterior. 
pm = processus medialis. 
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structures or growth patterns. The bone is covered 
on both sides by a thin, dense outer layer, and the 
more porous internal layer appears to show bigger 
pores towards the concave side. 
•(VII) Two 142 mm long, 52 mm wide, and 5 to 
I I mm thick, badly shattered plastron fragments of 
porous bone with thin, dense, outer bone layers. 
•(VIII) An accumulation of a few very small, shattered 
fragments still almost completely enclosed in matrix. 
They could not be prepared without endangering 
other elements. 
•(IX) A clearly convex-concave, 8 to 13 mm thick, 
plastron fragment with the central quite porous bone 
grading into very dense outer layers. The 163 mm 
long and 96 mm \vide fragment has broken edges. 
•(X) A 2 mm thick and 41 mm long flat fragment, still 
mostly covered with matrix. It displays paper-thin 
dense outer layers of bone on both sides. 
•(XI) A 8 mm thick. 30 to 30 mm wide, unsculptured 
neural plate fragment which shows on its ventral side 
remnants of a 3 mm wide neural spine on top of a 
very fragmentary neural arch. The neural fragment 
has a dense dorsal bone layer, but is otherwise very 
porous; there is no boundary visible to the neural 
spine, which is likewise very porous. Fragment (XI) 
belongs to fragment (XIX) from which it was 
separated during preparation. 
•(XII) A 138 mm lon2:. 78 mm wide and 6 to 8 mm 
thick, slightly convex-concave, plastron fragment 
with broken edges. The broken edges show porous 
bone covered by thin, dense layers of bone. 
•(XIII) A small ..J.2 mm long, 24 mm wide and 7 mm 
thick. bent and distorted fragment. It displays small 
FIGCRE IO I Cheloniidae, genus and species indet. 
(AC 6693). Partial humerus seen from anterior, 
pm = processus medialis. 
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ridges parallel to its 42 mm long side. The edges of this bone fragment are not preserved. 
•(XIV) A small, flat bone fragment, 8 mm thick and 22 to 44 mm wide with dense outer bone 
layers. 
•(XV) A small, 29 to 34 mm wide and 5 mm thick, plastron fragment with a porous centre and 
dense outer layers. 
•(XVI) The proximal part of a rib (the rib-head), still attached to a vertebra (XIX). The oval 
rib-head had an anteroposterior length of 36 mm (reconstructed) and a maximufn dorsoventral 
width of I 4 mm. The rib constricts to an anteroposterior diameter of 21 mm. and a 
dorsoventral width of 11 mm. 14 mm distal from the head. 
•(XVII) A 30 to 51 mm wide and 5 mm thick, porous plastron fragment with dense outer layers 
of thin bone. This fragment is separated into three smaller parts. 
•(XVIII) A partial 18 mm long head of a rib with a preserved anteroposterior diameter of 
32 mm and a dorsoventral width of about 14 mm. This rib-head is very similar to fragment 
(XVI). 
•(XIX) An anterior part of a thoracic vertebra with the head of a left rib fragment (XVI) still 





FIGURE 102 Cheloniidae, genus and species indet. (AU 6693). Fragmented thoracic vertebra 
\\·ith adjacent rib-head. and neural arch with fused neural plate; na = neural arch. np = neural 
plate. 
The vertebra body has on its anterior articulation surface a (reconstructed) lateral diameter (at 
the \·entral intersection point of the ribs) of 35 mm. It is rounded at the anterior end and 
narrows to l 6 mm close to its broken posterior part. The incomplete vertebra is 49 mm long, 
but a length of about 85 mm for the complete vertebra can be estimated. The dorso-ventral 
height of the vertebra. from the ventral side of the anterior face of the body to the dorsal border 
of the neural spine. is 59 mm. This measurement is only approximate, due to the distorted and 
fragmentary bone. The dorsal border of the rib facet lies 33 mm below the neural spine. The 
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head of the rib is situated almost entirely on the vertebra. and only a very small area could have 
been in contact with the following vertebra. The neural arch is gently arched and about 5 mm 
thick with a supposed width at the level of the rib intersection of 26 mm .. A 8 mm thick, flat 
neural plate is fused to the only 3 mm wide neural spine: a suture is not visible. Additional 
parts of this bone are preserved in fragment XI. 
•(XX) A 45 to 49 mm wide and I to 7 mm thick. flat bone fragment with a thin, dense outer 





FIGURE I 03 Schematic vertical cross-section through a thoracic vertebra of a cheloniid turtle 
with adjacent ribs and carapace plates (based on Chelonia mydas as represented by Vt. 64 I). c 
= costal plate, na = neural arch, nc = neural canal. np = neural plate, rh = rib-head. 
Discussion: 
AU 6693 are undoubtedly fragments are of a marine turtle as indicated by the partial humerus. 
This humerus still shows, despite being incomplete and somewhat distorted, features of marine 
turtles. It is dorsoventrally flat, not sigmoidally twisted and shows a migration of the 
processus lateralis towards a more distal position. The important feature of the location of the 
lateral process. depicts a muscle insertion point for the Musculi pectoral is, Hoffmann ( I 890) 
and supracoracoideus, Hoffmann ( 1890) which are more effective for swimming if the lateral 
process is situated further away from the proximal end of the humerus (Walker, 1973: 17). 
When compared with the six humeri classes of Wieland t 1900: 420-421), the humerus of AU 
6693 appears to belong to the thalassic group which is defined as showing a distal retreat of the 
lateral process and the absence of a strong dorsoventral sigmoid curve. As an example for a 
thalas:-.ic humerus Wieland ( 1900) cites Clzelonia m:wlas. 
Fragment IV was identified as a cervical due to its convex and concave articulation surfaces, 
\\ hich ;ire not known to appear in thoracic vertebrae of turtles. It also shows big similarities to 
cen ical vertebrae of Chelonia myclas (OU 22255 ). especially so to cervical number eight, but 
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due to its bad preservation it cannot be positively identified as an eighth cervical. 
The rib fragments III, V, XVI and the flat neural plate (XI, XIX) indicate that AU 6693 
possessed a fully functional, unsculpturecl, but fontanellised primary carapace, similar to 
carapaces known from extant Cheloniiclae. The hyo- or hypoplastron element (I) with its 
partially preserved plastron spines further supports an identification as Cheloniidae. Fragments 
VT, VII, IX, XII, XIV, XV, and XVII are most likely also parts of plastron elements, clue to 
their shape and similar thickness to fragment I. 
The carapace length of AU 6693 can be estimated using the humerus, which shows about the 
same length as a humerus of Chelonia mydas (Vt 64 I), thus leading to a carapace length of 
about l m for AU 6693. The almost entirely on the vertebra centrum located rib facet in 
fragment XIX points towards a more posterior thoracic vertebra. Two specimen of Chelonia 
mydus (Vt 64 l and OU 22277) show that the more posterior vertebrae tend to articulate with a 
larger area of the ribs on their anterior part. Comparing the size of the thoracic vertebra XIX 
with more posterior vertebrae of Chelonia mydas (Vt 641 ), further supports the estimated 
carapace length of about 1 m. 
THE TAXONOMIC POSITION OF AU 6693 
AU 6693 represents a marine turtle with a functional primary carapace, as indicated by fragment 
XI and XIX. This, and the absence of any secondary carapace fragments, points towards a 
non-dermochelyid turtle. I will show below that AU 6693 most probably represents the family 
Cheloniidae. 
The family Pelomedusidae has only one described, presumably marine species of Tertiary age 
(Gaffney, 1975b); Taphrosphys olssoni. This species was described by Schmidt (1931) and 
Gaffney ( 1975b) as possessing a broad, unreduced plastron with rounded borders, and an 
unfontanellised carapace. AU 6693, however, shows distinct fringes on a reduced plastron, 
and a fontanellised carapace. 
The thalassic humerus of AU 6693 further excludes the Protostegidae (which are also restricted 
to the Cretaceous) as possible relatives. 
The Desmatochelyidae are also restricted to the Cretaceous which makes it unlikely that AU 
6693 belongs to this family. There is no morphological reason to think that AU 6693 is a 
desmatochelyid. 
The Toxochelyidae are, apart from two genera, also restricted to the Cretaceous. Only the 
Genera Erquelinnesia and Osteopygis are reported from Tertiary strata (Romer, 1956; Benton, 
1993). Apart from minor fragments the carapaces and limbs of these two genera are not 
known (Gaffney, 1979: 183) and could thus not be compared with AU 6693. 
Apart from the two toxochelids mentioned above, AU 6693 is most similar to the Cheloniidae. 
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The general shape and proportions of the AU 6693 humerus, as far as recognisable, show a 
close resemblance to humeri of Chelonia mydas (Vt 641, OU 22277) and Lepidochelys 
olivacea (Vt 662). Unfortunately the size and orientation of the caput humeri is not preserved, 
which makes a positive allocation to either of the two genera mentioned above impossible. A 
partial humerus of Caretta eocaenica from Eocene (Bartonian to Lutetian) strata near 
Bracklesham (England), which was described by Lydekker ( 1889b: 177) as Thalassochelys 
eocaenica, also appears very similar to AU 6693. 
C01nment on New Zealand and Australian turtles, and the 
difference in their fossil records 
The fossil record of terrestrial vertebrates differs strongly between New Zealand and Australia. 
This can be explained by the isolation of New Zealand from the Australian continent during the 
Late Cretaceous. 
There are no fossil snakes, terrestrial turtles or mammals reported from New Zealand, and it 
was only in 1981 that a small, isolated bone from late Cretaceous strata near Hawkes Bay 
(North Island) was described as a caudal vertebra of a probable theropod dinosaur (Molnar, 
1981 ). This find shows the possibility that other terrestrial reptiles may have reached New 
Zealand before it became isolated. However, as far as terrestrial turtles, snakes and marsupials 
are concerned, it is very unlikely that these will be discovered in New Zealand, because the 
Australian record of these animals is restricted to post-Cretaceous strata (Rich, 1991: 894; 
Gaffney, 1991: 708; Molnar, 1991). 
The oldest turtle fossils from New Zealand are from late Cretaceous strata from Hawkes Bay 
and comprise fragments of a protostegid turtle (Wiffen, 1981) and a femur of a probable 
desmatochelyid turtle (McKee and Wiffen, 1989). A further probable turtle femur from the 
same locality was briefly compared with the genus Glyptos (Hay, 1908) in a short abstract by 
McKee and Wiffen ( 1989), but it remains unclear whether it could be related to this fresh-
water turtle genus. [Both femora are in a private collection and not accessible for study]. 
The next youngest fossil turtle is a fragment of a Paleocene 'humerus without condyles' which 
was described by Fordyce ( 1980a). Further, but as yet undescribed turtle fragments were 
found in Paleocene tuffs (Takatika Grit) on the Chatham Islands (Fordyce, 1991: 1222). 
These Paleocene turtle fragments derive from marine sedimentary rocks and are therefore 
thought to belong to a marine species. 
Eocene fossils are by far the most numerous with five specimens of Psephophorus, presumably 
all P. terrypratchetti, from outcrops along the Waihao River, one specimen from Boulder Hill 
near Dunedin, four cheloniids from Woodpecker Bay (Westland), and one cheloniid from Pahi 
Peninsula (Northland). 
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Hutton (1900), Marples (1949: 104) and Fordyce (1980a) briefly mentioned an early 
Oligocene turtle from marine strata near Oamaru housed in the collections of the Canterbury 
Museum in Christchurch (Zfr 105). Hector in Woodward (1876: 56) notes "bones of a turtle" 
from an Oligocene limestone at Woodpecker Bay, Westland. Unfortunately the whereabouts 
of these bones are not known (Fordyce, 1980a: 739). McKay ( 1877: 111) apparently found 
additional ?turtle bones at the same locality, which he briefly mentioned as "Got reptile 
(tortoise?) bones, etc." It should be noted that the words tortoise and turtle had (and in some 
publications still have) different meanings. Tortoise was (is) used for terrestrial testudines; 
turtle for marine forms. The use of the word tortoise by McKay can only imply that he did not 
distinguish between these two different meanings. There is no further information on this 
'reptile (tortoise?) bone', which must be considered lost. 
The only Miocene record is a small, incomplete femur of an apparently marine turtle which was 
described by Buckeridge (1981) as a new species ?Lepidochelys waikatoica. 
The record of Australian turtles (see Gaffney, 1991 for a summary) is dominated by Tertiary 
terrestrial and fluviatile-lacustrine animals. The only specimens of marine turtles recorded are 
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FIGURE I 04 Comparison of the fossil record of marine turtles between Australia (A) and 
New Zealand (NZ). A question mark(?) indicates a doubtful identification (see text). 
A comparison between the Australian and New Zealand record of fossil turtles shows that there 
are no Tertiary marine turtles reported from Australia, unlike New Zealand where, apart from 
two Late Cretaceous specimens, the record of marine turtles is from Tertiary rocks only (Fig. 
I 04 ). This difference in the Tertiary record of marine turtles cannot be explained by different 
oceanic climates; conditions during the Australian Tertiary were probably warmer than in New 
Zealand and should thus have produced a rich marine turtle fauna. A likely explanation for the 
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Australian hiatus in marine Tertiary turtles is the less well preserved and exposed, and thus only 
poorly prospected Tertiary marine strata. 
The surprisingly small number of non-Eocene turtles in New Zealand also indicates a gap in the 
fossil record, which, however, can at least partially be explained by changing climatic 
conditions. 
THE PATCHY RECORD OF NEW ZEALAND TERTIARY TURTLES 
In the New Zealand Tertiary the sea temperature reached tropical to subtropical conditions only 
during the Paleocene and Eocene and the late Early to early Middle Miocene (Hornibrook, 1992: 
88, fig. I). The inferred lower water temperature during the Oligocene may explain the very 
limited ~ccurrence of marine turtles in the well prospected and cetacean-rich limestones of the 
same age in Canterbury and Otago. This would imply that the single occurrence of a marine 
turtle in an Oligocene limestone near Oamaru (Hutton, 1900; Marples, 1949: I 04) is either 
purely accidental, or is due to a short period of time with warmer marine conditions, which 
allowed turtles to venture further south. Rare finds of fossil coconuts from early Oligocene 
strata near Oamaru (Campbell et al., 1991) seem to support the latter explanation. 
The only described turtle fossil from the New Zealand Miocene consists of a single isolated 
bone found in early Miocene strata (Buckeridge, 1981 ). This almost complete lack of turtles 
cannot be explained with unfavourable temperatures because the ocean was at least as warm as 
in the late Middle Eocene, with a marine climate which would have certainly allowed the 
occurrence (even breeding) of marine turtles in the late Early to early Middle Miocene. 
One explanation for this lack of a substantiated fossil record may be insufficient prospecting: 
Miocene sedimentary rocks have received far less attention by vertebrate paleontologists than 
Eocene or Oligocene strata. A further factor which could explain this apparent hiatus in the 
fossil record is a high sedimentation rate caused by the Kaikoura Orogeny, which led to 
generally quite thick deposits in which vertebrate fossils became relatively diluted. In 





The order Cetacea is divided into three suborders, the extinct Archaeoceti and the extant 
Odontoceti and Mysticeti. Archaeoceti apparently evolved along the south Asiatic coast of the 
Tethys during the early Eocene (Valen, 1966; Sahni and Mishra, 1975; Gingerich and Russell, 
1981; Kumar and Sahni, 1986) from carnivorous members of the Mesonychidae, a group 
which is closely related to hoofed mammals (Valen, 1968, Gingerich and Russell, 1981; 
Oelschlager, 1987; Thewissen, 1994; and others). Most cetologists consider the order Cetacea 
to be monophyletic (Valen, 1968; Barnes and Mitchell, 1978; Thewissen, 1994) with 
archaeocetes as ancestral to Odontoceti and Mysticeti. A monophyletic origin was also 
supported in recent years by genetic work (Milinkovitch et al., 1993; Milinkovitch, 1995). 
Archaeoceti are restricted to the Eocene period, and despite various published supposed 
younger records,. there are no substantiated records of post Eocene archaeocetes. All records of 
supposed Oligocene or Miocene archaeocetes are either unspecific vertebrae or ribs, or wrongly 
identified squalodonts and early mysticetes. In particular the enigmatic toothed Cetacea 
Kekenodon onamata Hector, 1881 from the New Zealand Oligocene, which was long seen as 
an archaeocete (Kellogg, 1936; Mitchell, 1989; Fordyce, 1982a, 1991) is now regarded as an 
archaic mysticete (Fordyce, 1992; Fordyce and Barnes, 1994). The so-called 'archaeocetes' 
from Australia (Barnes, 1984: 143) refer to the late Oligocene Mammalodon colliveri Pritchard, 
1939 which was recognised as an early mysticete by Fordyce and Barnes (1994). 
Classification of archaeocetes 
The suborder Archaeoceti is often defined by default as archaic toothed whales which lack the 
derived features of Odontoceti and Mysticeti (Kellogg, 1936; Fordyce, 1989a; 1992; Berta, 
1994). They can, however, be defined (Stromer, 1908b; Miller, 1923; Barnes and Mitchell, 
1978) using distinctive primitive plesiomorphic skeletal features, which set them apart from all 
other cetaceans. The most clearly visible features are: 
- A primitive heterodont tooth-formula with three incisors, one canine, four premolars and 
two to three molars in the permanent dentition. 
- The external narial opening is situated at the midpoint of the skull, about level with the first 
premolar, or further forward. 
- The parietals, frontals, maxillae and premaxillae are not telescoped. 
- There is no skull-asymmetry, in contrast to some odontocetes. 
- The temporal fossae are relatively large, and the snout is elongated and narrow. 
206 
Derived characters which can be used to separate archaeocetes from their terrestrial ancestors, 
namely the Mesonychidae, were discussed in a cladistic work by Thewissen (1994). Clearly 
autapomorphic characters for Cetacea are restricted to the following two (Thewissen, 1994: 
table !): 
- The incisors are not juxtaposed and are set rostro-caudally 
- The wall of the tympanic consists of dense and thick bone (pachyosteosclerotic tympanic) 
The more detailed taxonomy of archaeocetes is mainly based on differences in teeth (e.g. 
presence or absence of accessory denticles on the premolars), differences in the basicranium 
(e.g. presence or absence of enlarged air sinuses), and differences in size (longer and larger 
animals with or without antero-posteriorly elongated vertebrae). 
The suborder Archaeoceti was subdivided by Stromer (1908b) into the family Protocetidae and 
Zeuglodontidae [= Basilosauridae]. The Protocetidae were considered by Stromer (p. 148) to 
include taxa which share the following features in their permanent dentition: 
- the first premolar has two roots 
- the second to third premolar and the first to third molar have two or three roots. 
The 'Zeuglodontidae' differ, according to Stromer ( 1908b: 148) from the Protocetidae in that 
they only possess double roots in their permanent dentition. 
Apart from Strorner's classification there are numerous further attempts to establish a 
taxonomic system for archaic whales ( e.g. Abel, 1913; Miller, 1923; Kellogg, 1936; Slijper, 
1936; Mitchell, 1989). One of the better known systems is that of Kellogg (1936) which 
heavily draws from Miller (1923). Kellogg (1936) subdivided Archaeoceti into three families, 
the Protocetidae, Dorudontidae and the Basilosauridae. According to him the Protocetidae are 
defined as (p. I 0): 
[ ... ] have retained either some indication of the original tritubercular patterns of cusps on the 
cheek teeth or normal articular relations of the zygapophyses on the hinder dorsal vertebrae 
and on the lumbar vertebrae[ ... ]. 
The Dorudontidae are defined as (p. 11 ): 
[ ... ] genera that have a specialized serrate type of cheek tooth, and hinder dorsal and 
lumbar vertebrae with centra of more or less normal proportions as well as a modified 
condition of the articular relations of the zygapophyses [ ... ]. 
The Basilosauridae include after Kellogg (I 936: 11) only larger animals with specialised serrate 
cheek teeth and abnormally lengthened centra on the hinder dorsal, lumbar, and anterior caudal 
vertebrae. 
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Barnes and Mitchell's classification ( 1978) is based on taxonomic systems proposed by 
Kellogg ( 1936) and Slijper ( 1936), however they reduce the rank of the Dorudontidae and 
Basilosauridae to subfamily level which they include in an emended family Basilosauridae. 
The Basilosauridae sensu Barnes and Mitchell (1978) include archaeocetes with multiple 
accessory denticles on premolars and molars and enlarged air sinuses in the basicranium. 
Species of Basilosaurinae sensu Barnes and Mitchell ( 1978) form a clade diagnosed by the 
synapomorphies of large size and elongate vertebral bodies among the posterior thoracic, 
lumbar and caudal vertebrae. Conversely, the subfamily Dorudontinae is a paraphyletic group 
comprising small basilosaurids which reportedly lack elongate bodies in their posterior thoracic 
and anterior lumbar vertebrae. 
[Mitchell ( 1989), while introducing the archaic mysticete Llanocetus denticrenatus, proposed to 
change the rank of the families Protocetidae, Remingtonocetidae and Basilosauridae to 
superfamily level. This move allowed him to accommodate Kekenodon onamata Hector, 1881 
in a family within his new superfamily Basilosauroidea. Because more recent work by 
Fordyce (1992) and Fordyce and Barnes (1994) showed that Kekenodon onamata is an archaic 
mysticete, and not an archaeocete, I did not consider Mitchell's proposed changes]. 
Gingerich ( 1992: 73) summarised a few less well known dorudontines from the upper Qasr el-
Sagha Formation in Egypt. He proposed the new genus Saghacetus which he based on the 
species Dorudon osiris Dames, 1894b (now called Saghacetus osiris). According to 
Gingerich, S. osiris further includes the following species as junior synonyms: 
- D. zitteli (known only from a fragmentary rostrum and three cervicals; Stromer, 1908b: 82) 
- D. sensitivus (an endocast of a skull; Dart, 1923: 618) 
- D. elliotsmithii ( an endocast of a skull; Smith, 1903) 
- D. stronieri described by Kellogg (1936: 203-206) as: 
General confirmation of skull similar to that of Dorudon osiris, except that the rostrum is 
somewhat more robust and less abruptly widened behind level of anterior extremities of 
nasals, intertemporal region slightly wider, anterior extremity of jugal much closer to orbit, 
and supraoccipital shield relatively wider. 
Gingerich's reason for proposing this change in archaeocete systematics is that S. osiris 
possessed normally proportioned thoracic vertebrae but clearly antero-posteriorly elongated 
posterior lumbars and anterior caudals. 
Gingerich et al. ( 1990: 156, footnote 15) also proposed to change the taxonomic position of 
Proz.euglodon atrox Andrews, 1906 from the Basilosaurinae to the Dorudontinae, because P. 
atrox shows a similar distribution of vertebral body length to other Dorudontinae. Gingerich 
( 1992: 73) further listed Zeuglodon intennedius Dart, 1923 as a junior synonym of P. atrox. 
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Additional finds of very early archaeocete fossils in the Indian subcontinent led to the proposal 
of the new family Remingtonocetidae by Kumar and Sahni ( 1986). This new family is 
characterised by (p. 326): "[ ... ] remarkably long and narrow skulls with long beak-like rostra 
and mandibles with unusually long symphyses that may extend as far back as the last molar." 
The following classification of Archaeoceti takes the above outlined proposal of Gingerich, and 
the additional family given by Kumar and Sahni (1986) into consideration; it is otherwise based 
on Kellogg (1936) and Barnes and Mitchell (1978). I restricted a more detailed listing of 
synonyms to those members of the family Basilosauridae which are relevant to this thesis. 
Taxonomic changes introduced since the review article of Barnes and Mitchell 1978 are 
referenced below where they are relevant to the aims of this thesis. 
SYSTEMATICS 
Class Mammalia Linnaeus, 1758 
Order Cetacea Brisson, 1762 
Suborder Archaeoceti Flower, 1883 [used as defined above] 
Family Basilosauridae Cope, 1868a [emended after Barnes and Mitchell, 1978] 
Synonymy: 
Zeuglodontidae Bonaparte, 1849 (fide Kellogg, 1936) 
Hydrarchidae Bonaparte, 1950 (fide Kellogg, 1936) 
Stegorhinidae Brandt, 1873 
Dorudontidae Miller, 1923 (as emended by Barnes and Mitchell, 1978) 
Prozeuglodontidae Moustafa, 1954 (fide Barnes and Mitchell, 1978) 
Definition: Archaeocetes with multiple accessory denticles on premolars and molars 
and enlarged air sinuses in the basicranium. 
Subfamily Basilosaurinae Cope, 1868a [emended after Barnes and Mitchell, 1978] 
Definition: Large archaeocetes with elongate vertebral bodies among the 
posterior thoracic, lumbar and caudal vertebrae. 
Type-genus: Basilosaurus Harlan, 1834. 
Included species: 
Basilosaurus Harlan, 1834 
Basilosaurus cetoides (Owen, 1839), Priabonian, Atlantic Coastal Plain 
(Louisiana, Alabama). Type-species. 
Basilosaurus isis (Andrews, 1904 ), Bartonian-Priabonian transition, 
Tethys, (Egypt, Fayum). Formerly Prozeuglodon isis Andrews, 
1904; transferred to Basilosaurus by Gingerich et al. ( 1990). 
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Subfamily Dorudontinae (Miller 1923) Barnes and Mitchell, 1978 
Definition: Small to medium sized archaeocetes which reportedly lack elongate 
bodies in the posterior thoracic and anterior lumbar vertebrae. 
Type-genus: Dorudon Gibbes, 1845. 
Included genera: 
Dorudon Gibbes, 1845 
Dorudon serratus Gibbes, 1845, Priabonian, Atlantic Coastal Plain (South 
Carolina). Type-species. 
Saghacetus Gingerich, 1992 
Saghacetus osiris (Dames, 1894b). Formerly Dorudon osiris Dames, 
1894b, late Priabonian, Tethys, (Egypt, Fayum); transferred to 
Saghacetus by Gingerich ( 1992). 
Subjective junior synonyms of Saghacetus fide Gingerich (1992) are: 
Dorudon zitteli (Stromer, 1903). 
Dorudon sensitivus (Dart, 1923). 
Dorudon elliotsmithii (Dart, 1923). 
Dorudon stromeri (Kellogg, 1928). 
Prozeuglodon Andrews, 1906 
Prozeuglodon atrox Andrews, 1906, Bartonian-Priabonian transition, 
Tethys, (Egypt, Fayum); transferred from Basilosaurinae to 
Dorudontinae by Gingerich ( 1992). 
Subjective junior synonyms of Prozeuglodon atrox, fide Gingerich, 
( 1992) include: 
Dorudon intennedius (Dart, 1923). 
Zygorhiza True, 1908. 
Definition: Small to medium sized archaeocetes with upper premolars and 
molars with distinct cingula (Kellogg, 1936: 125). [True's (1908) 
definition of the genus Zygorhiza was based on varied skull features 
but did not mention the distinct cingula in this genus; Kellogg ( 1936) 
later cited this feature as diagnostic]. 
Zygorhiza kochii (Reichenbach, 1847), Priabonian, Atlantic Coastal Plain 
(Louisiana, Alabama). 
Subjective junior synonyms of Zygorhiza kochii fide Kellogg ( 1936) 
include: 
Zygorhiza brachyspondylus minor (Mtiller, 1851). 
Zygorhiza wanklyni (Seeley, 1876), Bartonian, Britain. 
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Family Protocetidae Stromer, 1908 
Subfamily Pakicetinae Gingerich and Russell, 1990 
Genus Pakicetus Gingerich and Russell, 1981 
Pakicetus inachus Gingerich and Russell, 198 l 
Pakicetus attocki (West, 1980) 
Genus Gandakasia Dehm and Oettingen-Spielberg, 1958 
Gandakasia potens Dehm and Oettingen-Spielberg, 1958 
Genus Jchthyolestes Dehm and Oettingen-Spielberg, 1958 
Jchthyolestes pinfoldi Dehm and Oettingen-Spielberg, 1958 
Subfamily Protocetinae Barnes and Mitchell, 1978 
Genus Protocetus Fraas, 1904 
Protocetus atavus Fraas, 1904 
Genus Eocetus (Fraas, 1904) 
Eocetus schweinfurthi (Fraas, 1904) 
Genus Pappocetus Andrews, 1920 
Pappocetus lugardi Andrews, 1920 
Genus Rodhocetus Gingerich et al., 1994 
Rodhocetus kasrani Gingerich et al., 1994 
Genus Takracetus Gingerich et al., 1995 
Takracetus simus Gingerich et al., 1995 
Genus Gaviacetus Gingerich et al., 1995 
Gaviacetus razai Gingerich et al., 1995 
Subfamily Indocetinae Gingerich et al., 1993 
Genus Indocetus Sahni and Mishra, 1975 
Indocetus ramani Sahni and Mishra, 1975 
Family Remingtonocetidae Kumar and Sahni, 1986 
Subfamily Remingtonocetinae Kumar and Sahni, 1986 
Genus Remingtonocetus Kumar and Sahni, 1986 
Remingtonocetus harudiensis (Sahni and Mishra, 1975) 
Remingtonocetus sloani (Sahni and Mishra, 1972) 
Genus Dalanistes Gingerich et al., 1995 
Dalanistes ahmedi Gingerich et al., 1995 
Genus Andrewsiphius Sahni and Mishra, 1975 
Andrewsiphius kutchensis Sahni and Mishra, 1975 
Andre,vsiphius minor Sahni and Mishra, 197 5 
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The New Zealand archaeocetes 
Introduction 
The first archaeocete fossils from New Zealand were described by Fordyce in 1985b, based on 
tooth material reported by Haast in 1879 from the Waihao Greensand, near Waihao Forks. 
Further archaeocete material were found more than a hundred years later near Gisborne on the 
North Island, in the Opuha River north-west of Timaru, and at one single locality in the Waihao 
River, close to, or at, the supposed find locality of Haast. The Gisborne material, (FRN 
X 17 /fl 20) belongs to the private collector Allan Hughes; Haast's material is in the collection of 
the Canterbury Museum, Christchurch (ZMT 79). All the other specimens are in the collection 
of the Geology Museum at the University of Otago (OU numbers). 
DESCRIPTIONS AND DISCUSSIONS 
Archaeoceti family, genus and species indet. OU 11579 (FRN J38/f5) 
Order Cetacea Brisson, 1762 
Suborder Archaeoceti Flower, 1883 [used as defined above] 
Synonymy: 'basilosaurine whale' Fordyce, 1985b. 
'large caudal vertebrae of a juvenile archaeocete' Kohler, 1993. 
Material: The left half of a caudal vertebra and a fragment of a successive posterior vertebra. 
Location: Found as a loose block in a gravel bank in the Opuha River, South Canterbury, near 
the Homestead Riverview. Grid reference 138 (1983): 496733. 
Horizon: Hard glauconitic, carbonaceous siltstone (Waihao Greensand). 
Age: Bortonian (middle Lutetian to early Bartonian), based on molluscs which are B01tonian in 
age (P. A. Maxwell, personal communication, January 1993). The matrix is too well cemented 
to allow microfossil extraction. 
Found: In 1970 by J. G. Begg; prepared by D. Bevin. 
Description: If not otherwise indicated the description is based on the preserved left side of the 
more complete vertebra. Antero-posterior measurements are given including the vertebral 
discs. 
The left part of the more anterior vertebra (Fig. I 05 and 106) is 170 mm long with a 
dorsoventral height of 145 mm at its anterior end. The unfused vertebral discs are about 12 mm 
thick, still in place and separated by a distinct groove from the centrum. At the anterodorsal 
part are two short, 58 mm long metapophyses (measured from the roof of the neural canal to 
their slightly damaged dorsal ends) which are 32 mm thick and about 64 mm long. The almost 
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circular, 20 mm wide neural canal is set back from the anterior face by 50 mm; its orifice is 
situated halfway between the metapophyses. The neural canal is strongly oval in shape on the 
posterior face of the vertebra with a lateral width of about 30 mm (damaged in this area) and a 
height of only I 2 mm. This opening of the neural canal, which is set back from the articulation 
surface of the vertebra by 13 mm, is dorsally roofed by a 18 mm long and 27 mm wide, 
triangular neural spine which rather resembles a chicken's tail ('Parson's nose'). The neural 
spine starts with a low ridge posterior to the bases of the metapophyses and is inclined dorsally 
in its course towards the posterior end. At a distance of 55 mm from the posterior end of the 
vertebra, and about 12 mm ventrally from the dorsal surface is an oval (11 mm high, 19 mm 




~ = «$ 
dorsal 
2cm 
FIGURE I 05 Archaeoceti, genus and species indet. (OU I 1579). Lateral view of caudal 
vertebrae. 
Viewed laterally the vertebra shows, at about half its dorsoventral height a small, short, about 
20 mm thick, transverse process which is separated by a groove into a slightly longer posterior 
part and an anterior part. This groove indicates the passage of the intervertebral artery from the 
ventral side of the vertebra to the dorsal intervertebral foramen. Between the interrupted 
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transverse process and the base for the metapophysis is a second, smaller transverse ridge, 
which is more accentuated in its posterior part. This ridge shows a wide gap in its middle part, 
and only a slight saddle on the anterior half of the vertebra. At the posterior end of the 
transverse process, at 24 and 35 mm distance from the articulation face of the vertebra, are two 
small, about 2 mm wide vascular foramina. The vertebra is strongly concave between the 
transverse process and the ventrally directed, blunt haemapophysis. The haemapophysis is 
separated by a wide notch into two parts, of which the anterior part is shorter and shows a 
lateral thickness of about 38 mm; the posterior part is larger, 57 mm long and 38 mm wide. 
The left and right haemapophyses are separated from each other by a 44 mm wide, concave 
ventral area, which contains three small, antero-posteriorly elongated vascular foramina. The 
similar sized succeeding posterior vertebra fragment is separated by a gap and slightly 
dislocated. The preserved 75 mm of its anterior half show the same morphology as the more 











FIGURE 106 Archaeoceti, genus and species indet. (OU 11579). Sketch of caudal vertebra 
with features mentioned in the description indicated as: f = foramen for intervertebral artery, 
h.p. = haemapophysis, m.p. = metapophysis, n.s. = neural spine, s = suture, t.p. = transverse 
process, t.r. = transverse ridge, v.d. = vertebral disc, v.f. = vascular foramina. 
Discussion: 
The small transverse processes, the small metapophyses and the overall morphology of the 
vertebrae place them in the caudal region of a cetacean vertebral column. The passage of the 
intervertebral artery through a notch in the transverse process is according to Slijper (1936: 
365) a feature which can only be found in archaeocetes. However, Fordyce (personal 
communication, February 1996) reports a similar course of the intervertebral artery in some 
non-archaeocete whales. 
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In modern odontocetes the vertebral symphyses start to close on the anterior and posterior end 
of the vertebral column (Perrin, 1975: 62); by assuming that the same mechanism occurred in 
archaic whales these caudal vertebrae with open symphyses can be referred to an immature 
animal (Perrin's class IV). 
The large size of the vertebrae point towards a large archaeocete ( estimated body length of the 
juvenile animal at least 10 m, see below). This excludes the remingtonocetid species 
Remingtonocetus harudiensis and Remingtonocetus sloani, which were described by Kumar 
and Sahni ( 1986: 330, 341) as being similar in size to most dorudontines, but smaller than Z. 
kochii (which grew to about 5 m body length), as possible sources for these vertebrae. A 
further remingtonocetid species, Dalanistes ahmedi, was described by Gingerich et al. ( 1995: 
317) as being larger than the remingtonocetids Andrewsiphius kutchensis and Andrewsiphius 
minor and also about 20 % larger than the R. harudiensis and R. sloani. This relatively small 
size indicates that the genera Dalanistes and Andrewsiphius could not have possessed vertebrae 
the size of the ones discussed here. 
The Protocetidae include species which are distinctively smaller than the animal from which the 
vertebrae discussed here originated. These smaller animals comprise: 
- Protocetus atavus (body length given by Kellogg (1936: 276) as 2.5 m), 
- Pappocetus lugardi (length for an almost complete mandible (BMNH M 1186, paratype of 
P. lugardi) was given by Kellogg ( 1936: 244, table 60) as 560 mm, which indicates that P. 
lugarcli was not larger than Z. kochii (longest mandible listed by Kellogg (1936: 120, plate 
29) is 734 mm long), 
- Inclocetus ramani is described as showing about the same size as Protocetus atavus (Sahni 
and Mishra, 1975: 19), 
- the genus Pakicetus is also very small (Gingerich and Russell (1981: 239) give a skull 
length of 300 to 350 mm), 
- Gandakasia and Jchthyolestes are only known from fragmentary teeth, but their sizes were 
estimated to be similar to Pakicetus (Gingerich and Russell, 1981: 235). 
- the genera Rodhocetus, Takracetus and Gaviacetus, as described by Gingerich et al. (1995), 
show similar skull sizes with approximately 600 to 620 mm length. This skull size implies 
animals which did not reach the dimensions of Z. kochii (maximum skull length according 
to Kellogg (1936: 247) 896 mm). 
- Eocetus schweinfurthi is known from a skull which is about 15 to 20 % larger than the 
largest skull reported for Z. kochii. Because the caudal vertebrae OU 11579 are from an 
immature, still growing whale indicating an animal about twice as large as Z. kochii, they 
are far too large to relate to E. schweinfurthi. [Fraas (1904: 219) lists two strongly 
antero-posteriorly elongated posterior lumbar vertebrae as belonging to E. schweinfurthi. 
The length for one of these lumbar vertebrae is given by Stromer (1903: 83) as 245 mm, its 
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dorsoventral height as 130 mm posteriorly, and its lateral width as 140 mm (posteriorly). 
Both Fraas and Stromer pointed out the strong similarity of these vertebrae with vertebrae of 
Zeuglodon macrospondylus, a species which Kellogg (1936: 15) lists as a synonym for 
Basilosaurus cetoides. It is therefore not surprising that Barnes and Mitchell ( 1978: 587) 
raise doubts on the identification of Fraas, especially considering that the vertebrae were not 
found together with the holotype skull, but just derived from the same horizon]. 
Considering the above, it seems to be possible to assume that E. schweinfurthi had normally 
proportioned vertebrae, which, however, were still not large enough to be similar to OU 
11579. 
The subfamily Basilosaurinae was established as a reservoir for very large archaeocetes with 
elongate vertebral bodies among the posterior thoracic, lumbar and caudal vertebrae. 
Comparing the vertebrae OU 11579 with the caudal vertebrae of Basilosaurus cetoides figured 
in Kellogg ( 1936: plate 5 and 6), and the caudal vertebrae of Basilosaurus isis (figures in 
Andrews, 1906: 243, and in Stromer, 1908a: plate 7; measurements in Slijper, 1936: 58, table 
11) showed that the latter vertebrae have a very different morphology and are far too elongated 
to be considered similar to the ones discussed here. 
The similarities to caudal vertebrae of the smaller Dorudontinae are stronger. A Zygorhiza 
kochii (USNM 4679), described by Kellogg (1936: 157, table 39) has caudal vertebrae with a 
length to height ratio ranging between 0.99 (5th caudal) to 0.91 (15th caudal), while the 
vertebra discussed here shows a ratio of 1.17. There is, however, another difference between 
Zygorhiza and OU 11759. Zygorhiza does not show an additional ridge between the transverse 
process and the metapophysis (Kellogg 1936: 156). Furthermore, the Dorudontinae are only 
known from much smaller animals, which are not known to have possessed vertebrae the size 
of OU 11579. Two caudal vertebrae (LoSt 11414), probably number 13 and 15 of Z. kochii. 
are figured in Slijper ( 1936: 366, fig. 179) under the name Zeuglodon brachyspondylus. 
These vertebrae are, apart from their small size (less than half as big as OU 11579) very similar 
to OU 11579. [Zeuglodon brachyspondylus is listed by Kellogg (1936: 101) as a synonym for 
Z. kochii]. 
To estimate the body length of the OU 11579, calculations were made using the most similar 
shaped 14th caudal vertebra of Z. kochii (Kellogg 1936: plate l). Z. kochii, as figured by 
Kellogg, has a body length of about 5 m and a length of the 14th caudal of 90 mm. The more 
complete anterior caudal vertebra of OU I I 579 is I 70 mm long, which leads to an estimated 
body length of about IO m for a still growing animal with the proportions of Zygorhiza. 
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Because OU 11579 greatly differs in size and shape from described basilosaurine vertebrae, I 
consider it as not related to this group (as was proposed by Fordyce, 1985b: 355). OU 11579 
is also far too large to be related to known species of the Dorudontinae. However, its strong 
similarity to dorudontine caudal vertebrae, especially so to a caudal vertebrae of Z. kochii, 
could indicate that OU 11579 derived from an as yet unknown larger growing group related to 
the Dorudontinae. 
The only other large cetacean fossils with a possible similar age derive from the La Meseta 
Fonnation of Seymour Island. Some of this material may represent the early mysticete 
Llanocetus denticrenatus Mitchell, 1989, which is now known (R. E. Fordyce, personal 
communication, February 1996) from a well preserved, about 2 m long skull (Fordyce, 
1989b ). Because posterior vertebrae were not found with the holotype specimen a comparison 
with OU 11579 is not possible. Other cetacean fossils from Seymour Island include large 
vertebrae which are not antero-posteriorly elongated, and which might thus possibly represent 
an animal related to OU 11579 (see page 260 for further discussion). 
Zygorhiza sp. Mangatu River material FRN XI7/fl20 
Order Cetacea Brisson, 1762 
Suborder Archaeoceti Flower, 1883 [used as defined above] 
Family Basilosauridae Cope, 1868a [emended after Barnes and Mitchell, 1978] 
Subfamily Dorudontinae (Miller, 1923) Barnes and Mitchell, 1978 
Genus Zygorhiza True, 1908 
Material: There are no complete bones or teeth, all material is fragmentary. The following 
fragments could be identified. Teeth: forty-one crown fragments and twelve root fragments. 
Bones: seven fragments of thoracic or lumbar-sacral vertebrae, one fragment of a cervical 
vertebra, and thirteen small, unidentified fragments. 
Location: The material was found in situ on a sharp, prominent ridge overlooking the Mangatu 
River, 42 km north-west of Gisborne and I km west to Mangatu Road. Grid reference XI7 
( 1979): 283063. 
Horizon: Red bentonitic mudstone from the Mangatu Formation (sensu Henderson and Ongley, 
1920). 
A!:!e: The age for this material is uncertain. The Stages Kaiatan to Runangan, with Runangan 
favoured, are noted by H. E. Morgans in a letter to I. Keyes, but Morgans also pointed out that 
the matrix could be as old as Dannevirke Series (see appendix A). The New Zealand Kaiatan 
and Runangan Stages are equivalent to the European middle Bartonian to Priabonian Stages. 
The Dannevirke Series covers the European Stages from Danian to middle Lutetian (Harland et 
al., 1990). 
Found: 5 September 1990 and beginning of 1991 by Allan Hughes. 
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Description: 
The 41 crown fragments, almost all of which have a preserved, very thin cover of black 
enamel, can be arranged in three groups: 
c I) Single, isolated cusps with a round to oval cross-section, 
c2) Single, isolated cusps with a strongly oval cross-section, and accentuated anterior and 
posterior ridges. 
c3) Small denticles or larger fragments with two or more denticles, and in some cases a 
cingulum. 
•Group c I (Fig. 107) consists of twelve incisor and ?canine fragments (with or without the 
apex preserved), ranging from 9 to 21 mm in height. Nine fragments still show smooth 
enamel without sculpturing, except for a very fine ridge which runs along the anterior and 
posterior face of the cusps. The cusps are not straight but bent posteriorly, and, visible in 
larger fragments, also lingually. A gumline or remnants of a cingulum are not preserved. 
Three conical fragments are preserved without any enamel, but they are similar in shape and 
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FIGURE I 07 Zygorhiza sp. (FRN X 17 /fl 20). Lateral view of incisors and canines 
fragments; four fragments with cross-section at base. Reconstructed outline indicated by 
dashed line. Preserved enamel indicated in grey. 
<@2> ~ 2cm <1ffe 
FIGCRE 108 Zygorhiza sp. (FRN XI 7/f120). Lateral view of cusps of premolars and/or 
molars: three fragments with cross-section at base. Reconstructed outline indicated by dashed 
line. Preserved enamel indicated in grey. 
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•Group c2 (Fig. l 08) consists of seven premolar and/or molar fragments (with or without 
apex) ranging from 11 to 25 mm in height. These fragments are elongated antero-posteriorly 
and have an accentuated anterior and posterior ridge, which in some specimens shows faint 
nodules. The enamel is smooth apart for the ridges. A gumline or remnants of a cingulum are 
not preserved. 
•Group c3 consists of twenty-two larger premolar and/or molar fragments. The largest 
fragment (Fig. 109) shows the principal cusp, two accessory denticles and a small cingulum. 
This fragment is distorted, with the principal cusp bent laterally; it cannot be said whether the 
distortion is entirely due to post mortem influences. The height of the enamel crown from the 
level of the cingulum to the principal cusp is 29 mm; its apical angle is 92 degrees. The 
antero-posterior length of the preserved part is 17 mm, which is probably about half of the 
original length. The only slightly serrated cingulum shows a distinct papilla at the base of the 
lowest denticle, accompanied laterally by a smaller papilla. The enamel has fine wrinkles near 
the base of the crown, close to the cingulum. A root is not preserved. 
2cm 
FIGURE 109 Zygorhiza sp. (FRN X17/fl20). Partial premolar or molar viewed lingually and 
edge on. Reconstrncted outline indicated by dahed line. 
Another fragment (Fig. 110) has more accentuated and anastomosing striations, which reach 
past the first (and only preserved) denticle. This fragment also has small, but sharp striations 
on the lingual and buccal side of the lowermost denticle. The cingulum shows a fine, serrated 
edge with a larger papilla at the base of the denticle. 
Twenty other premolar and/or molar fragments are far more incomplete; only seven display 
recognisable denticles, but all have a similar morphology to the above described fragments. 
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FIGURE 110 Zygorhiza sp. (FRN X17/f120). Partial premolar or molar showing strong 
anastomosing ornamentation. The outline at the base of the tooth indicates the partially 
preserved root. 
The twelve isolated root fragments can be separated into two groups. 
•Group r1 consists of six, 12 to 23 mm long and 8 to 11 mm wide, slightly oval, single incisor 
or canine roots. A 23 mm long root is faintly bent in the direction of its longest diameter, the 
other roots are too short to show a curve. 
•Group r2 consists of six, 10 to 18 mm long, 8 to 14 mm wide and slightly oval roots, all of 
which show a groove (slit) along one side. These grooves are seen as representing two fused 
roots of a premolar or molar. 
Of the eight vertebrae five only consist of fragmentary, severely eroded centra, with the 
vertebral discs missing. Of these five centra only one allows a measurement for the symphysial 
facet of 72 mm vertical diameter and 83 mm lateral diameter (minimum measurements). The 
centra show a roughly radiating groove and ridge pattern on the preserved parts of the 
symphysial facets; no centrum is preserved with both the anterior and posterior symphysial 
facets. The bone has very fine pores of less than I mm diameter. Three additional centra 
fragments from the thoracic or lumbar-sacral area have parts of the vertebral discs still attached. 
These discs have a concave middle part, with a small elongated pit in the centre. It can be seen 
in one fragment that the elongated pit is directed laterally. The symphyses between the discs 
and the centrum are clearly recognisable in two vertebrae, which probably both had a lateral 
diameter at the articulation surface of 75 mm. 
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A cervical (Fig. 111) is the best preserved vertebra and also the smallest of the whole 
collection. It has an antero-posterior length of about 20 mm, a lateral width of 50 mm and a 
dorsoventral height of about 45 mm (reconstructed). This vertebra shows in a small area on the 
lateral surface the base of an oblique transverse process bordering the remnants of a canal for a 
vertebral vein. The dorsal part of the transverse process is set back by a 2 mm wide groove 
from the posterior articulation surface. The preserved posterior articulation surface shows a 




2 cm ventral 
FIGURE 111 Zygorhiza sp. (FRN X 17 /fl 20). Posterior view of cervical vertebra with the 
sagittal symmetry and the course of the transverse process with nerve foramen (nf) indicated. 
Other fragments: 
There are an additional thirteen bone fragments, between 2 and 5 cm big, which could not be 
identified. 
Discussion: 
The multiple accessory denticles on the premolar or molar fragments indicate that FR.t"\J 
X 17 /fl 20 belongs to the Basilosauridae (Barnes and Mitchell, 1978: 585). Stromer (1908b: 
87) stated that the deciduous dentition changes very late in archaeocetes, so FRN X 17 /fl 20 
could yield both deciduous and permanent teeth. This idea may be supported by the lack of 
roots in most of the teeth fragments, which could be due to bone absorption during the change 
to permanent dentition. 
Of the Basilosauridae only the dorudontine genus Zygorhiza is reported to possess distinct 
cingula on its upper cheek-teeth (Kellogg, 1936: 125 ), other dorudontine whales do either not 
possess distinct cingula, or are not known with all their teeth, to conclude a non-occurrence of 
cingu!a. 
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The vertebrae, with the cervical showing completely fused symphyses, and the larger, probably 
thoracic or lumbar-sacral vertebrae with missing vertebral discs or open symphyses, indicate 
that the animal was immature (age class III or IV of Perrin, 1975: 42). According to Perrin 
( 1975: 62) the symphyses in modern odontocetes start to close from the anterior and posterior 
end of the vertebral column. 
All the material was apparently found at one location (A. Hughes, personal communication, 
April 1994) and is thought to derive from one animal. The large difference in size of the 
cervical and the thoracic or lumbar-sacral vertebrae raised doubt on the 'single animal' theory. 
However, by comparing the ratio of the dorsoventral height of the cervical centrum with the 
dorsoventral height of the more than twice as large thoracic or lumbar-sacral vertebrae centra, it 
could be shown that all the FRN X17/fl20 fragments could indeed have derived from a single 
animal. 
The cervical centrum of FRN X 17 /f 120 has a height of about 45 mm, compared with a height 
of 72 mm for the largest thoracic or lumbar-sacral vertebra, which leads to a ratio of 1.6. Only 
from the genus Zygorhiza is an almost complete vertebral column described, but other 
Dorudontinae most likely showed a similar size distribution of vertical height in their vertebrae. 
One individual of Z. kochii (USNM 4679) (Kellogg, 1936: 135, table 33) has cervical 
vertebrae reaching vertical heights of the centra of 46 to 56.7 mm. The largest non-caudal 
vertebra in this specimen is the 12th lumbar with a vertical height of the centrum of 79.5 mm 
(Kellogg, 1936: 150, table 37), which leads to a ratio of 1.4 to 1.72. This ratio suggests that 
al I the vertebrae of FRN X 17 /fl 20 can be referred to one single animal. 
Because the vertebrae of FRN X 17 /fl 20 are quite small and were probably not antero-
posteriorly elongated, they cannot be included in the Basilosaurinae. Teeth fragments with 
preserved cingula support a presumed relation to the subfamily Doruclontinae, i.e. the genus 
Zygorhiza. 
Zygorhiza sp. OU 22242 (FRN J40/f206D) 
Order Cetacea Brisson, 1762 
Suborder Archaeoceti Flower, 1883 [used as defined above] 
Family Basilosauridae Cope, 1868a [emended after Barnes and Mitchell, 1978) 
Subfamily Doruclontinae (Miller, 1923) Barnes and Mitchell, 1978 
Genus Zygorhiza True, 1908 
Material: A large second right upper premolar with missing roots. 
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Location: Found in a prominent outcrop of Waihao Greensand approximately 1.5 km 
downstream from Waihao Forks in the Waihao River valley, South Canterbury. Grid reference 
J40 ( 1984): 477999. OU 22242 derived from the upper part of the outcrop, from an area 
starting with a glauconite-sand above a burrowed disconformity and ending about 50 cm above 
the phosphatic horizon (see section on the Waihao Greensand). 
Horizon: Lower Greensand Member of the Waihao Greensand. 
Age: Late Bortonian (early Bartonian). The part of the section from which the tooth derived is 
just below the Otaio Limonitic Member in the upper part of the Waihao Greensand. 
Found: 23 March 1994 by R. Kohler. 
Description: 
The enamel of this tooth is dark blue to black with secondary brown stripes along fine fissures, 
and only very small anastomosing striations near the cingulum on the lingual and buccal faces, 
which are both slightly convex. The antero-posterior diameter at the base of the enamel crown 
is 45 mm. The vertical height of the enamel crown, measured from the level of a line drawn 
between the antero- and postero-basal angles, to the apex of the principal denticle, is 40 mm. A 
maximum lateral diameter of 15 mm at the base of the enamel crown is slightly anterior to the 
main denticle. The crown carries, in addition to the prominent main denticle, three accessory 
denticles on the anterior keel, which is slightly bowed lingually, and five smaller denticles on 
the posterior keel (of which the basal one is very small) (Figs. 112 and 113). 
FIGURE l l 2 Zygorhiza sp. (OU 22242). Lingual view of upper second right premolar. 
The denticles show faint nodules on their keels. The first posterior denticle is higher than the 
first anterior denticle and the more-basal accessory denticles are smaller and further removed 
from the crown apex on the anterior keel than on the posterior keel. The anterior edge of the 
tooth (i.e. a line connecting the apices of the denticles) shows a steeper slope than the posterior 
edge. The apical angle of the crown is 78 degrees. The cingulum is completely preserved on 
the lingual face of the tooth where it changes from a more accentuated ledge with faint nodules 
al the anterior and posterior part of the crown, to a thin band towards the median part of the 
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tooth. The cingulum on the buccal side is severely damaged, but it can still be seen that it 
encircled the anterior and posterior part of the crown. On the anterior end of the tooth the 
cingulum c,mies a large tubercule, which is located immediately below the lowest denticle; on 
the posterior end the cingulum has no tubercule, but is separated from the lowest. very small 
denticle by a small groove (which is the reason why I identified it as a denticle and not as a 
tubercule ). 
lt 
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FIGURE 113 Zygorhiza sp. (OU 22242). Buccal view of upper second right premolar. 
Only the broken bases of the two equally sized roots are preserved. These bases both start with 
about 9 mm thick anterior, respectively posterior parts, to bulge lingually to a thickness of 
about 13 mm towards the centre of the tooth. The roots are separated by a 5 mm wide gap. 
Discussion: 
Comparisons with described archaeocete teeth indicate that OU 22242 derived from a 
basilosaurid whale, because only the Basilosauridae are known to possess similar premolars 
with multiple accessory denticles on both the anterior and posterior cutting edges (Barnes and 
Mitchell, 1978: 585). The genus Basilosaurus (and therefore the subfamily Basilosaurinae 
sensu Barnes and Mitchell, 1978) is known from two species whose cingula were described by 
Kellogg ( 1936: 32-35) as either absent (B. cetoides) or as (p. 83) "weak when present" (B. 
isis: in Kellogg ( 1936) named Prozeuglodon isis). 
The subfamily Dorudontinae includes the genera Dorudon, Zygorhiza, Prozeuglodon and 
Saglwcetus. Permanent premolars are only sufficiently described from the species z_vgorhiza 
kochii. Dorudon serratus, Prozeuglodon atrox and Saghacetus osiris. According to Kellogg 
( 1936: 177) the genus Dorudon (now subdivided into Saghacetus and Dorudon) had cheek 
teeth which lack marked cingula. The genus Prozeuglodon displays only weak cingula on 
either the posterior or anterior part of the teeth (Kellogg. 1936: 83-84); only the species 
2_\'gorhi::.a kochii is known to possess prominent denticulate cingula on its upper cheek teeth. 
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Z. kochii was described by Kellogg (1936: 121-123) as possessing lower premolars without 
cingula, and upper premolars three and four with the posterior root almost twice as thick as the 
anterior root. The upper second premolar of Z. kochii (Kellogg, 1963: 121-123, and photos 
on plate 12) is most similar to OU 22242 because it also shows a strong cingulum on the 
anterior and posterior part of the tooth and two same sized roots. It differs in that it has four 
anterior accessory denticles and five posteriorly, and a somewhat stronger ornamentation. 
OU 22242 cannot with certainty be referred to Z. kochii because the anterior and posterior part 
of the cingulum do meet medially unlike in Z. kochii. The different count of accessory 
denticles of OU 22242 and Z. kochii is of little taxonomic significance because the number of 
accessory denticles appears to vary within a species (True, 1908) and even in the same 
individual, as shown by the left and right second upper premolar of Dorudon (now Saghacetus) 
osiris, AMNH 14382 (Kellogg, 1936: plate 22). It appears, however, most likely that OU 
22242 is an upper second right premolar of a dorudontine archaeocete, probably closely 
related, or within the genus Zygorhiza. 
? Zygorlziza sp. OU 22221 (FRN J40/f206B) 
Order Cetacea Brisson, 1762 
Suborder Archaeoceti Flower, 1883 [used as defined above] 
Family Basilosauridae Cope, 1868a [ emended after Barnes and Mitchell, 1978] 
Subfamily Dorudontinae (Miller, 1923) Barnes and Mitchell, 1978 
Genus ?Zygorhiza True, 1908 
Synonymy: 'archaeocete vertebrae' Kohler, 1993. 
Material: A proximal part of a rib (OU 22221-1) and a more distal rib-fragment (OU 22221-2), 
a fragment of a ?thyrohyal (OU 22221-3), part of a ?vertebra (pedicle) (OU 22221-4), a partial 
thoracic vertebra (OU 22221-5) and a middle thoracic vertebra (OU 22221-6). 
Location: Found below a prominent outcrop of Waihao Greensand approximately 1.5 km 
downstream from Waihao Forks in the Waihao River valley, South Canterbury. Grid reference 
140 ( 1984): 477999. OU 22221 was found as float in a gravel bank. 
Horizon: Upper part of the Waihao Greensand (basal Otaio Limonitic Member), probably just 
below the phosphatic horizon. 
A~e: Bortonian (middle Lutetian to early Bartonian). The matrix of OU 22221 is identical with 
the upper part of the Waihao Greensand as exposed in the closeby outcrop. A search for 
microfossils was unsuccessful (see also chapter on the Waihao Greensand). 















OU 22221-1 is a 145 mm long (measurement along the ventral border) proximal fragment of a 
left rib which shows a very dense outer bone-layer and a porous centre (Fig. 114). The 
damaged tuberculum is suboval in outline, highly convex and 15 to 20 mm across, it is 
separated from the capitulum by a slightly concave 15 mm wide gap. The only faintly convex 
capitulum is ovoid in shape, 16 to 25 mm wide, and located on a strong protuberance which is 
more elevated posteriorly than anteriorly. The length of the rib fragment from the capitulum to 
its broken distal end, is 95 mm. On the posterior face, ventral to the base of the capitulum is a 
strong depression. The antero-posteriorly flattened rib is widest at the distal end of the 
capitulum with 26 mm. The distance from the distal rim of the capitulum to the centre of the 
tuberculum is 47 mm. The dorsoventral width of the rib at its distal part is 22 mm, its 
thickness is IO mm . 
dorsal capitulum 





FIGURE 114 Zj:gorhiza sp. (OU 22221-1 ). Proximal part of a left rib viewed from posterior. 
•OU 22221-2 is a more distal , 98 mm long and slightly dorsoventrally bent rib fragment, also 
showing a dense outer bone layer surrounding a porous centre. This flattened rib fragment 
has a maximum antero-posterior width of 27 mm and a thickness, at this point, of 15 mm; its 
cross-section is nearly oval. 
•OU 22221-3 is a 95 mm long, slightly bent bone fragment, which is broken on both ends , and 
which is thought to be part of a left ?thyrohyal (Fig. 115). The fragment widens to 20 mm 
laterall y, but is dorsove ntrally compressed to 11 mm, at the point where it bends (outer angle 
at bend 152 degrees). The lateral width at its ovoid anterior end is 18 mm (reconstmcted), and 
its dorsoventral height is 13 mm. Its also ovoid posterior end is 15 mm wide laterally and 
12 mm high . It shows a dense outer layer of bone which comprises almost two thirds of the 
diameter; the central part is porous. 
•OU 22221-4 is a very small (about 14 to 14 to 34 mm) fragment of quite dense bone, probably 
part of a ?vertebra (pedicle ). Only two small, concave areas of the bone surface are preserved. 
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FIGURE 115 Zygorhiza sp. (OU 22221-3). Partial left ?thyrohyal. 
•OU 22221-5 (Figs. 116 and 117) is a thoracic vertebra with the anterior part of the neural arch 
and the antero-dorsal part of the vertebral body preserved. Only the right metapophysis and 
the right base of the neural spine can be recognised, the prezygapophyses are not preserved. 
The metapophysis is directed antero-dorsally and damaged on its lateral and anterior part. The 
about 5 mm thick neural walls are partially preserved, showing a narrow neural canal which is 
about 22 mm high and 19 mm wide. The dorsal antero-posterior length of the incomplete 
neural arch is 51 mm. The base of the right anterior pedicle is set back by 7 mm from the 
articulation surface of the vertebral body. A small preserved part of the vertebral body shows 


















FIG CRE I l 6 Z_vgorhiza sp. (OU 22221-5). Anterior view of a thoracic vertebra. 



















































FIGURE 117 Zygorhiza sp. (OU 22221-5). Lateral view of a thoracic vertebra. 
Reconstructed outline dashed. 
•OU 22221-6 (Fig. Eon Plate 7) consists of a thoracic vertebral body and the left part of the 
neural arch; the neural spine is missing. The bone surface of the specimen is secondarily 
pitted; the original smooth surface is only preserved in .small areas. The vertebral body is 
almost as wide as long; its epiphyses are fused but still visible. The anterior body-face is 
gently convex with the upper part somewhat bent anteriorly; a small depression is situated in 
its centre. The posterior face of the vertebral body is planar with a small concave centre and 
its dorsal part slightly inclined posteriorly . The preserved pedicle of the neural arch is inclined 
anteriorly and situated more on the middle to anterior part of the body. The neural canal 
appears to be higher than wide. The metapophysis is large and projects forward beyond the 
level of the anterior end of the vertebral body. An about 20 mm wide, almost circular and 
only faintly concave prezygapophysial facet is located on the antero-dorsal part of the 
rnetapophysis and inclined medially . The anterior capitular facets are located on a lateral 
protuberance of the vertebral body and separated by a small pedicle from the anterior face of 
the body. The anterior capitular facets are situated on the anterior part of a transverse ridge, 
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whose posterior part is slightly directed ventrally. The lateral ridges become smaller towards 
the posterior face of the body, but do not show any sign of posterior capitular facets. The 
badly damaged base for the left tuberculum is situated almost at the level of the neural floor; it 
cannot be told whether it was separated by a small groove from the capitular facet due to 
severe damage. The distance between the left tuberculum and capitular facets can be estimated 
with approximately 5 mm. The diapophyses are missing due to damage. During preparation 
both ends of the postzygapophyses were cut accidentally; the missing parts are not bigger than 
3 mm (thickness of sawing-blade). Measurements in Table 7 are corrected for this amount. 
TABLE 7 Measurements of middle thoracic vertebra of Zygorhiza sp. (OU 22221-6). All 
measurements from point to point in millimeters +/- I mm. 
Maximum antero-posterior length of body 66mm 
Transverse diameter at anterior face of body 54mm 
Vertical diameter at ;mterior face of body 44mm 
Vertical diameter of neural canal anteriorly 36mm 
Transverse diameter of neural canal anteriorly (reconstructed) 34mm 
Vertical diameter of neural canal posteriorly 43mm 
Transverse diameter of neural canal posteriorly (reconstrncted) 36mm 
Transverse diameter at posterior face of body 64mm 
Vertical diameter at posterior face of body 46mm 
Greatest lateral diameter of pedicle of neural arch 19mm 
Least antero-posterior diameter of pedicle of neural arch 41 mm 
Distance between prezygapophyses (outside measurement) 44mm 
Distance across vertebra between outer ends of diapophyses (reconstructed) 70mm 
Discussion: 
Other skeletal material (OU 22222) was also found in a loose and little-abraded block in the 
same gravel bed, within 20 meters from OU 22221. The surrounding matrix of these two 
specimens was virtually identical, thus indicating that both specimens derived from the same 
horizon. Furthermore the size, individual age (epiphyses) and preservation strongly indicated 
that OU 22221 and OU 22222 represent one specimen. A tooth (OU 22222-1) with accessory 
denticles and a cingulum shows that the remains belong to the family Basilosauridae (see 
discussion below). Based on this assumption the OU 22221 material was compared with 
members of the Basilosauridae. 
The epiphyses in OU 22221-5 and OU 22221-6 are both almost fully closed, thus pointing to a 


























The animal had almost reached its adult size before it died. The lack of a posterior facet for the 
capitulum of the rib, and close proximity of the anterior capitular facet to the tubercular facet in 
OU 22221-6 identifies it as a thoracic vertebra from the middle part of the vertebral column . 
The articulation mode of the ribs in the vertebral column of archaeocetes (as described by 
Slijper, 1936: 317, table 22; 385) changes from the anterior thoracic vertebrae (1st to 7th 
vertebrae with distinct tubercular facets on the neural arch; anterior and posterior capitular 
demifacets present on the centrum) towards the posterior thoracic vertebrae where a posterior 
capitular demifacet is no longer present, and the anterior capitular facet together with the 
tubercular facet share one articulation area on the dorsal-anterior (8th vertebra) or lateral (9th to 
13th vertebra) part of the centrum. In Basilosaurus cetoides (as represented by USNM 6475) 
the eighth thoracic vertebra is described as showing a rib articulation facet on the anterior end of 
the body only (Kellogg, 1936: 43-44). This eighth thoracic vertebra is, however, 128 mm 
long, compared to a length of 66 mm for OU 22221-6. The eighth thoracic vertebra of 
Basilosaurus isis is not described in Kellogg ( 1936: 90), but it seems reasonable to predict that 
it, as an intermediate between vertebrae with anterior and posterior capitular facets and 
vertebrae with a single median rib articulation area, possessed only anterior rib articulation 
facets. 
The measurements given by Stromer (1908a: 139, table Illa) for the length of thoracic vertebrae 
of Basilosaurus isis do not include the missing vertebral discs, thus indicating that the animal 
was immature. Despite the missing vertebral discs, the thoracic vertebrae reached lengths of 75 
and 115 mm (two different specimens), which shows that they were growing too large to be 
considered related to OU 22221-6 for which epiphyses indicate an almost fully grown animal. 
I consider these differences to rule out an identification of OU 22221-6 as Basilosaurus. 
The thoracic vertebrae in the smaller subfamily Dorudontinae were described by Kellogg 
(1936), Andrews (1906) and Stromer (1903; 1908a, 1908b) as being very similar in shape 
amongst known dorudontines. Because the cingulum of OU 22222-1 points towards the genus 
Zygorhiza ( discussion under OU 22222-1 ), and the skeleton of Zygorhiza kochii is the most 
detailed described of any of the three dorudontine genera, I use Z. kochii (as described and 
figured in Kellogg, 1936) to determine the location of the bones represented by OU 22221 in a 
dorudontine skeleton. 
The 9th and 10th thoracic vertebrae of Z. kochii (Kellogg, 1936: 139, fig. 49) are most similar 
to OU 22221-6, in that they show tubercula and capitula facets close together on the 
anterolateral part of the vertebral body. The dimensions of the closely matching 9th thoracic 
vertebra of Z. kochii are, however, different from OU 22221-6. The 9th thoracic vertebra of 
Z. kochii (as represented by USNM 4679) has a 63 mm long vertebral body and a 58.5 mm 
high anterior end (ratio 1.07) (measurements from Kellogg, 1936: 143, table 34-35). The 
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dimensions of OU 22221-6 (66 mm long, 44 mm high anteriorly) lead to a ratio of 1.5. The 
difference in the vertebral ratio shows that OU 22221-6 is more antero-posteriorly elongated 
than the 9th thoracic vertebra in Z. kochii. Whether this difference is of any taxonomic 
significance cannot be evaluated due to the lack of more and sufficiently described similar 
vertebrae. 
The vertebra OU 22221-6 does not allow an undisputed identification with Z. kochii. All that 
can be said is that OU 22221 derived from a small dorudontine archaeocete. 
Other material from OU 22221 (rib and vertebrae fragments) are too incomplete to predict their 
location in a skeleton. The small distance between the capitulum and tuberculum in OU 22221-
l can be seen as an indicator for a rib in the middle part of the rib-cage. Compared with 
Zygorhiza ribs (Kellogg, 1936: 168, fig. 75) the closest similarities exist for ribs number five 
to seven. 
The identification of OU 22221-3 as a possible thyrohyal is due to the lack of other elements in 
Zygorhiza with the same proportions. Some ribs show a bend close to their proximal end 
(Kellogg, 1936: 168-171, and plate 17) but they are also somewhat concave posteriorly in this 
region. The phalanges and metacarpals are more cylindrical in shape and straight (Kellogg, 
1936: 164-166). Other elongate and superficially simple bone elements could occur in hind 
limbs of Z. kochii, although as yet these are not documented. A hind limb of Basilosaurus isis, 
as described and figured by Gingerich et al. (1990: 155), shows that the femur as well as the . 
tibia and fibula are very distinct in form and shape from OU 22221-3, but because Zygorhiza is 
smaller and not serpent shaped like Basilosaurus, it is quite likely that its hind limbs fulfilled 
other purposes, and had different shapes from the ones in Basilosaurus. 
A possible identification for OU 22221-3 is as an element of the hyoid apparatus. The most 
similar hyoid bone from Z. kochii is a thyrohyal described and figured in Kellogg (1936: 130; 



















Zygorhiza sp. OU 22222 (FRN J40/f206C) 
Order Cetacea Brisson, 1762 
Suborder Archaeoceti Flower, 1883 [used as defined above] 
Family Basilosauridae Cope, 1868a [ emended after Barnes and Mitchell, 1978] 
Subfamily Dorudontinae (Miller, 1923) Barnes and Mitchell, 1978 
Genus Zygorhiza True, 1908 
Synonymy: 'archaeocete tooth' Kohler, 1993. 
Material: A third right upper premolar (OU 22222-1), an anterior thoracic vertebra (damaged) 
(OU 22222-2), a 4th cervical vertebra (OU 22222-3), an 8th thoracic vertebra (damaged) (OU 
22222-4), and six small fragments which could not be identified . 
Location: Found below a prominent outcrop approximately 1.5 km downstream from Waihao 
Forks in the Waihao River valley, South Canterbury, at the same locality as OU 22221. Grid 
reference J40 (1984): 477999. OU 22222 was found as float in a gravel bank. 
Horizon: Probably from the upper part of the Waihao Greensand, just below the phosphatic 
horizon (see Waihao Greensand chapter). 
A2:e: Bortonian (middle Lutetian to early Bartonian). The matrix of OU 22222 is very similar 
to the upper part of the Waihao Greensand as exposed in the closeby outcrop. The matrix 
yielded the foraminifera Globorotaloides turgidus and Cibicides vortex which indicate a 
Bortonian to Kaiatan age (Hornibrook et al., 1989). 
Found: 12 August 1993 by A. Grebneff. 
Description: 
•OU 22222-1 is a third upper right premolar (see Figs. C, D and E on Plate 8). The enamel of 
this well preserved, laterally compressed tooth is dark blue to black and largely smooth with 
only a few fine vertical striations on the base of the convex lingual face. The buccal face is 
almost planar and has slightly wrinkled enamel near the cingulum. The antero-posterior 
diameter at the base of the enamel crown is 34 mm. The vertical height of the enamel crown, 
measured from the level of a line drawn between the antero- and postero-basal angles to the 
apex of the principal denticle, is 28 mm. The crown is high and carries, in addition to the 
prominent, robust main denticle, three accessory denticles on the anterior keel and two on the 
posterior keel. The denticles show faint nodules on their keels. The first posterior denticle is 
higher than the first anterior denticle, and the more-basal accessory denticles are smaller and 
further removed from the crown apex on the anterior keel than on the posterior keel. The 
apical angle of the crown is 66 degrees. As viewed buccally, the posterior keel of the tooth 
(i.e. a line connecting the apices of the denticles) is steeper than the anterior keel. A prominent 
bulge, presumably the protocone remnant, lies near the crown base posterolingual to the main 
denticle and above the remnant of the now-fused lingual (third) root. A nodulated cingulum, 
which encircles all but the middle part of the crown (i.e. the region above the isthmus), is 
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higher and wider on the posterior part than anteriorly. The cingulum is particularly well 
developed posteriorly along the hind margin of the protocone remnant and below the buccal 
and lingual faces of the second posterior denticle, and carries a marked tubercule below the 
latter denticle. On the lingual face, the anterior cingulum is ground off probably due to 
occlusal wear with the posterior buccal facet of the lower third premolar. Z. kochii is figured 
in Kellogg (1936) as having the posterior cheek teeth (posterior to Pm2) in the lower jaw 
placed lingually in respect to the upper cheek teeth when the jaw is closed. 
Of the two roots, the posterior root is larger and appears to be formed by two fused roots, 
indicated by a prominent vertical groove along its anterior face. As viewed anteriorly, the 
apices of the roots are not obviously recurved inwards, and in lateral view the roots are 
roughly parallel. The roots are united by a small isthmus below the crown. On each side of 
the tooth above this isthmus, a prominent groove extends apically towards the enamel-
cementum boundary which has an inverted V-shape. The maximum lateral thickness of the 
anterior root at its upper end is 14 mm, the upper end of the posterior root is 9 mm thick. 
•OU 22222-2 (Fig. 118 and Fig.Con Plate 7). Apart from the slightly damaged neural spine, 
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FIGURE 118 Zygorhiza sp. (OU 22222-2). Lateral view of an anterior thoracic vertebra; 
n.s. = neural spine, p = base of postzygapophysis (broken), p.d.c. = posterior demifacet for 


















The anterior face of the vertebral body is slightly convex transversely while the posterior face 
is flat; both surfaces carry a small central depression. The wide floor of the neural canal has a 
small ventromedial ridge. The pedicles of the neural arch, which slope gently forwards, lie 
towards the anterior part of the body. The epiphyses are not fully fused. Posteroventrally the 
neural spine carries a wide, shallow groove which shows a small central ridge at the level of 
the broken bases of the postzygapophyses. The posterior demifacets for the capitula of the 
ribs are concave and oval in shape, inclined dorsolaterally and situated next to the dorsolateral 
border of the vertebral body. There are no traces of anterior capitula facets. The concave 
facets for the tubercula of the ribs occupy the ventrolateral part of the diapophyses. The wide, 
planar, slightly ventrally inclined prezygapophysial facets overhang the anterior face of the 
vertebra . 
TABLE 8 Measurements of anterior thoracic vertebra of Zygorhiza sp. (OU 22222-2). All 
measurements from point to point in millimeters+/- 1 mm. 
Maximum antero-posterior length of body 42mm 
Transverse diameter at anterior face of body 47mm 
Vertical diameter at anterior face of body 38mm 
Vertical diameter of neural canal anteriorly 31 mm 
Transverse diameter of neural canal anteriorly 37mm 
Vertical diameter of neural canal posteriorly 29mm 
Transverse diameter of neural canal posteriorly 40mm 
Transverse diameter at posterior face of body 53mm 
Vertical diameter at posterior face of body 39mm 
Greatest lateral diameter of pedicle of neural arch 14mm 
Least antero-posterior diameter of pedicle of neural arch 25mm 
Distance across vertebra between outer ends of diapophyses 96mm 
Distance between tip of prezygapophysis and tip of postzygapophysis 63mm 
Distance between prezygapophyses ( outside measurement) 61 mm 
•OU 22222-3 (Figs. A and B on Plate 7). A fourth cervical vertebra is compressed antero-
posteriorly, with a body which is broader than high. The posterior face of the vertebral body 
is slightly concave, showing a double depression above its centre. While the more ventral part 
of the anterior face is gently convex as viewed laterally, the more dorsal part is produced 
anteriorly; thus, the anterior face as a whole is markedly concavo-convex in lateral view. The 
small, flattened transverse processes, which are perforated at their bases by transverse 
vertebral vein canals, are directed about 40 degrees posterodorsally. The lower portion of 
each transverse process is directed obliquely outward and forward, while the upper portion 
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fonns the lateral boundary of the vertebral vein canal and continues dorsally into the oblique 
external buttresses on the pedicles of the neural arch. The neural spine is minute, while the 
neural canal is higher than wide. Dorsally the body carries two small depressions separated by 
a median ridge, while ventrally the body surface is depressed on either side of a broad median 
ridge. The epiphyses are fused. Each neural pedicle is compressed antero-posteriorly, with a 
transverse diameter more than twice the anteroposterior diameter. The pedicles are set back 
from the anterior and posterior ends of the body. Planar, oval-shaped facets lie on the oblique 
inner face of the prezygapophyses. The postzygapophysial facets, also planar, are directed 
obliquely dorsolaterally and are situated on the ventral surface of the postzygapophyses. 
TABLE 9 Measurements of fourth cervical vertebra of Zygorhiza sp. (OU 22222-3). All 
measurements from point to point in millimeters +/- 1 mm. 
Maximum antero-posterior length of body 25mm 
Transverse diameter at anterior face of body 42mm 
Vertical diameter at anterior face of body 37mm 
Vertical diameter of neural canal anteriorly 24mm 
Transverse diameter of neural canal anteriorly 29mm 
Vertical diameter of neural canal posteriorly 22mm 
Transverse diameter of neural canal posteriorly 28mm 
Transverse diameter at posterior face of body 48mm 
Vertical diameter at posterior face of body 40mm 
Least antero-postero diameter of pedicle of neural arch 8mm 
Least lateral diameter of pedicle of neural arch 16mm 
Diameter of vertebral-vein canal 5mm 
Distance between prezygapophyses (outside measurement) 61 mm 
Distance between postzygapophyses ( outside measurement) 66mm 
•OU 22222-4 (Fig. 119 and Fig.Don Plate 7) is an eighth antero-posteriorly elongated 
thoracic vertebra, which only lacks the neural spine. The posterior face of the ve11ebral body 
is clearly broader than high, with the lateral parts slightly protruding posteriorly. Apart from a 
central depression for the presumed notochordal fovea, the anterior face has a gently convex 
transverse profile; conversely, the posterior face, again with a depression for a presumed 
notochordal fovea, is gently concave from side to side. The neural canal is almost as high as 
wide. The pedicles of the neural arch are inclined anteriorly and are situated more towards the 
anterior part of the body. Both vertebral discs are in place and separated by not fully fused 
epiphyses (visible as distinct grooves) from the body. The concave anterior facets for the 



















protruding diapophyses. The anterior capitula facets are located on a lateral protuberance of 
the vertebra which runs as a ridge to the posterior vertebra face to widen again and form a 
posterior lateral protuberance at about half dorsoventral height of the vertebral body. The 
posterior protuberances are convex and carry no obvious facets for rib capitula. The convex 
and postero-laterally facing facets for the tubercula of the ribs are situated on the anterolateral 
face of the pedicles of the neural arch, and separated from the capitula facets by a 14 mm wide 
groove. The prezygapophyses are thickened and project forward beyond the level of the 
anterior end of the body; their dorsomedially inclined facets are only partially preserved. Only 
the left ventrolaterally facing postzygapophysial facet is partially preserved. At the anterior 
end, at the base of the neural spine, two small depressions are situated laterally to a thin 
vertical median ridge (see Fig. D on Plate 7). Measurements are given in Table 10. 
dorsal 
2cm 
FIGURE 119 Zygorhiza sp. (OU 22222-4 ). Anterior view of an eighth thoracic vertebra; 
d.p. = diapophysis, p.z. = postzygapophysis. 
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TABLE 10 Measurements of eighth thoracic vertebra of Zygorhiza sp. (OU 22222-4). All 
measurements from point to point in millimeters +/- I mm. 
Maximum antero-posterior length of body - 60mm 
Transverse diameter at anterior face of body. 54mm 
Vertical diameter at anterior face of body. 41 mm 
Vertical diameter of neural canal anteriorly 30mm 
Transverse diameter of neural canal anteriorly. 39mm 
Vertical diameter of neural canal posteriorly 36mm 
Transverse diameter of neural canal posteriorly. 38mm 
Transverse diameter at posterior face of body 71 mm 
Vertical diameter at posterior face of body. 43mm 
Greatest lateral diameter of pedicle of neural arch 18mm 
Least antero-posterior diameter of pedicle of neural arch. 37mm 
Distance between outer ends of diapophyses 93mm 
Distance between tip of prezygapophysis and tip of postzygapophysis 
(minimum measurement) 87mm 
Distance between postzygapophyses ( outside measurement). 70mm 
Discussion: 
The tooth OU 22222-1 with its accessory denticles and its cingulum places OU 22222 into the 
Dorudontinae, and close to or in Zygorhiza (see discussion of OU 22242). In Z. kochii only 
the upper molars and premolars are reported to possess cingula (Kellogg, 1936: 121-123), and 
only the upper premolars three and four have posterior roots which are almost twice as wide 
laterally than their corresponding anterior roots. The third upper premolar resembles more 
closely OU 22222-1 in that its crown is not bent posteriorly, as in the fourth upper premolar 
(Kellogg, 1936: plate 12). 
The following differences between the third upper right premolar of Z. kochii and OU 22222-1 
can be recognised: the sculpturing of the enamel is stronger, and the apical angle is wider in Z. 
kochii, which also has an additional two accessory denticles on the posterior cutting edge 
(significance of number of denticles discussed with OU 22242). Furthermore, as in 
Zygorhiza, the anterior and posterior cingula do not meet medially on the tooth. These 
differences do not allow positive identification of OU 22222-1 with Z. kochii, however, the 
cingulum indicates a close relationship to the genus Zygorhiza. 
OU 22222-2 is a thoracic vertebra from a subadult animal as can be seen by the almost 


















ribs, a condition not described to occur in Z. kochii, nor in other dorudontine genera (Fraas, 
1904; Stromer, 1903, 1908a; Andrews, 1906); however, the accompanying tooth, OU 22222-
1 indicates a relation to the genus Zygorhiza. The vertebra OU 22222-2, and other elements of 
OU 22222 do not show any pathological bone structures, which might otherwise be used to 
explain the lack of anterior capitular facets in OU 22222-2. Slijper (1936: 385) also gives no 
examples for the occurrence of this peculiar articulation in other archaeocetes. The facets for 
the tubercula on the laterally projecting diapophyses give evidence for the existence of ribs, 
which must have articulated with their capitula on the posterior parts of the accompanying 
anterior vertebra only. The capitula of the anterior ribs of Z. kochii insert in an intervertebral 
position, with a tendency towards a bigger facet on the posterior vertebra, but they never insert 
on the posterior vertebra only (Kellogg, 1936: 136; Slijper, 1936: 319). OU 22222-2, with its 
missing anterior capitular facets, may therefore be an anterior thoracic vertebra (probably 
between the first and third thoracic), of an archaeocete with rib capitula which did not insert 
intervertebrally as in Z. kochii. The vertebral body is not particularly anteriorly-posteriorly 
elongated; its length to height ratio ( 1.10) is similar to second and third thoracic vertebrae of Z. 
kochii (Kellogg, ·1936: table 34 and 35), which show ratios between 0.87 and 1.01. Whether 
or not the lack of anterior capitular facets in OU 22222-2, which is otherwise not described to 
occur in Dorudontinae, can be regarded as a distinct taxonomic feature cannot be evaluated due 
to the very restricted amount of comparative material. 
OU 22222-3 shows close similarities to the fourth cervical vertebra of Z. kochii as figured and 
described in Kellogg ( 1936: 133-134 and plate 1 ). The morphology of the faces of the 
vertebral body is not mentioned in Kellogg's descriptions, so the exceptional form of the 
anterior face of OU 22222-3 cannot be discussed. The similar shaped fifth cervical of Z. kochii 
(USNM 6478) has neural arch pedicles which are wider antero-posteriorly than laterally, unlike 
OU 22222-3. Other cervicals of Z. kochii differ too much from OU 22222-3 to be considered 
similar. The, as good as completely fused epiphyses of OU 22222-3, as well as its size 
indicate that it originated from the same animal as the other elements of OU 22222. 
The vertebra OU 22222-4 was compared with thoracic vertebrae of Z. kochii, because the tooth 
OU 22222-1 indicates a close relation to this genus. The 8th thoracic vertebra (Kellogg, 1936: 
139, fig. 49) of Z. kochii is most similar to OU 22222-4, in that it has the anterior capitula 
facets close to the border of the vertebra, and no longer shows posterior capitula facets. The 
dimensions of the 8th thoracic vertebra of Z. kochii are, however, different from OU 22222-4. 
The 8th thoracic vertebra of Z. kochii (as represented by USNM 4679) has a 59.5 mm long 
vertebral body with a 57.8 mm high posterior face (ratio 1.02); in another specimen (USNM 
11962) the vertebral body is 55.5 mm long and 54.5 mm high anteriorly (ratio 1.0 l) (all 
measurements from Kellogg, 1936: 143, table 34-35). The dimensions of OU 22222-4 (60 
mm long, 41 mm high anteriorly, 43 mm high posteriorly) lead to a ratio of 1.39 to 1 .46. The 
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iifferences in the vertebral ratios show that OU 22222-4 is more antero-posteriorly elongated 
han the 8th thoracic vertebra of Z. kochii. Whether this difference is of any taxonomic 
;ignificance cannot be evaluated due to the lack of more and sufficiently described similar 
1ertebrae. Despite this difference I consider an identification of OU 22222-4 as an eighth 
horacic vertebra as plausible due to the prominent diapophyses, which are separated by a 
:oncavity from the facet for the tuberculum of the rib. 
· regard the size, identity, individual age, and the fact that they were found in one block as a 
:trong indicator that all skeletal elements of OU 22222 derived from one specimen. 
~ygorhiza sp. OU 22100 (FRN J40/fl 82) 
Order Cetacea Brisson, 1762 
Suborder Archaeoceti Flower, 1883 [ used as defined above] 
Family Basilosauridae Cope, 1868a [ emended after Barnes and Mitchell, 1978] 
Subfamily Dorudontinae (Miller, 1923) Barnes and Mitchell, 1978 
Genus Zygorhiza True, 1908 
:omment: The description of OU 22100 is an excerpt from a paper co-authored with R. E. 
:.ordyce (Kohler and Fordyce, 1996 in print). 
,ynonymy: 'archaeocete basicranium' Kohler, 1993. 
v1aterial: The posterior part of a skull. 
~ocation: Found below a prominent outcrop of Waihao Greensand approximately 1.5 km 
lownstream from Waihao Forks in the Waihao River valley, South Canterbury, at the same 
ocality as OU 22221 and OU 22222. Grid reference J40 (1984): 477999. OU 22100 was 
ound as float in a gravel bank. 
forizon: Very likely from the upper part of the Waihao Greensandjust below the phosphatic 
torizon (see also chapter on the Waihao Greensand). 
\ge: Bortonian to Kaiatan (middle Lutetian to Bartonian). This find was mostly prepared a few 
'ears ago by G. S. Ferguson, but unfortunately matrix kept for microfossil search could not be 
ocated in the OU collections. Nevertheless the location of the find, as well as other fossils 
rom the same locality leave no doubt on the Bortonian to Kaiatan age. 
<'ound: 6 February 1991 by P.A. Maxwell. This specimen was mostly prepared by G. S. 
<'erguson. 
)escription: 
\natomical terms for the basicranium and periotic follow Fordyce (1994). The partial skull 
Plate 9 and I 0, see also Figs. A and Bon Plate 8, Figs. A to Don Plate 11) is broken at the 








differences in the vertebral ratios show that OU 22222-4 is more antero-posteriorly elongated 
than the 8th thoracic vertebra of Z. kochii. Whether this difference is of any taxonomic 
significance cannot be evaluated due to the lack of more and sufficiently described similar 
vertebrae. Despite this difference I consider an identification of OU 22222-4 as an eighth 
thoracic vertebra as plausible due to the prominent diapophyses, which are separated by a 
concavity from the facet for the tuberculum of the rib. 
I regard the size, identity, individual age, and the fact that they were found in one block as a 
strong indicator that all skeletal elements of OU 22222 derived from one specimen. 
Zygorhiza sp. OU 22100 (FRN 140/fl 82) 
Order Cetacea Brisson, 1762 
Suborder Archaeoceti Flower, 1883 [used as defined above] 
Family Basilosauridae Cope, 1868a [emended after Barnes and Mitchell, 1978] 
Subfamily Dorudontinae (Miller, 1923) Barnes and Mitchell, 1978 
Genus Zygorhiza True, 1908 
Comment: The description of OU 22100 is an excerpt from a paper co-authored with R. E. 
Fordyce (Kohler and Fordyce, 1996 in print). 
Synonymy: 'archaeocete basicranium' Kohler, 1993. 
Material: The posterior part of a skull. 
Location: Found below a prominent outcrop of Waihao Greensand approximately 1.5 km 
downstream from Waihao Forks in the Waihao River valley, South Canterbury, at the same 
locality as OU 22221 and OU 22222. Grid reference 140 (1984): 477999. OU 22100 was 
found as float in a gravel bank. 
Horizon: Very likely from the upper part of the Waihao Greensand just below the phosphatic 
horizon (see also chapter on the Waihao Greensand). 
Age: Bortonian to Kaiatan (middle Lutetian to Bartonian). This find was mostly prepared a few 
years ago by G. S. Ferguson, but unfortunately matrix kept for microfossil search could not be 
located in the OU collections. Nevertheless the location of the find, as well as other fossils 
from the same locality leave no doubt on the Bortonian to Kaiatan age. 
Found: 6 February 1991 by P.A. Maxwell. This specimen was mostly prepared by G. S. 
Ferguson. 
Description: 
Anatomical terms for the basicranium and periotic follow Fordyce (1994). The partial skull 
(Plate 9 and 10, see also Figs. A and B on Plate 8, Figs. A to D on Plate 11) is broken at the 













crests. The orbits and more anterior structures are lost. Only the bases of the zygomatic 
processes are preserved. The ventral parts of both pterygoids are missing. The following 
descriptions are based on the left or right side, whichever is better preserved. The skull is 
oriented with the basisphenoid on a horizontal plane. 
Each side of the intertemporal region is covered anterodorsally by a small, thin plate of frontal, 
but otherwise the frontals are missing. A thin wedge of alisphenoid forms the most anteriorly 
preserved part on each ventrolateral side of the skull, below the parietals. The parietals are 
fused medially to form a high sagittal crest. Posteriorly, the crest lies below the level of the 
supraoccipital; here the crest carries a faint vertical groove which originates at a small parietal 
foramen at the posterodorsal extremity of the left parietal. There is no obvious interparietal. 
Anteriorly the sagittal crest lowers to merge into the divergent bases of low temporal crests, 
roughly level with the frontoparietal suture. The parietal is not exposed in the basicranium. 
The dorsolaterally flared supraoccipital shield is slightly broader than high and is concave 
posteriorly, with a small vertical external occipital crest which becomes more obvious toward 
the foramen magnum. The supraoccipital shield rises forward at about 40 degrees, to steepen 
anteriorly and laterally near the lambdoid crests. Anteriorly, each crest is formed by the 
parietal, which is tightly fused with supraoccipital, while posteroventrally each crest is formed 
by the squamosal and supraoccipital. 
Each exoccipital is fused with the adjacent supraoccipital and basioccipital. The foramen 
magnum is large, subrectangular, and wider than high. Each occipital condyle is large, 
reniform, broader dorsally than ventrally, and slightly convex from side to side. The condylar 
pedicle is short and robust, with marked dorsal and ventral condylar fossae. Laterally, the 
posteriorly-concave exoccipital flares out perpendicular to the skull axis, though the paroccipital 
process does not reach the outer margin of the squamosal so that the muscle fossa (for the 
origin for some or all of the sternomastoideus, scalenus ventralis, longus capitis, and 
mastohumeralis, sensu Howell, 1927) on the posterolateral surface of the squamosal is just 
visible in posterior view. The thin dorsal margin of the exoccipital beyond the level of the 
jugular notch is separated widely from the lambdoid crest. Because the exoccipitals are 
bilaterally symmetrical, apparently uncrushed, and otherwise in sound contact with adjacent 
elements, this wide separation is regarded as natural rather than post-mortem. 
In ventral view the paroccipital process is thick and rounded, with a deep, rugose cavity 
laterally for the contact with the stylohyal. There is no discrete fossa in the paroccipital process 
for a sinus, although the space between the posterior face of the periotic and the paroccipital 
process could have held a posterior sinus, a lobe of peribullary sinus, or both. 
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Within the exoccipital, the jugular notch is wide and directed ventrolaterally. A small 
hypoglossal foramen opens medially and slightly dorsally behind the jugular notch. The 
exoccipital on the inner margin of the jugular notch forms the posterior part of the so-called 
basioccipital crest. Here the exoccipital is separated by a distinct groove, presumably a suture, 
from the adjacent basioccipital. An elongate pharyngeal tubercule, just anterior to the ventral 
border of the foramen magnum, separates the presumed insertions for the rectus capitis 
ventralis muscle. 
The basioccipital crest (muscular tubercle) is low and projects little below the level of the 
basisphenoid, so that the basioccipital arcade is shallow. Medially, the posterior face of the 
basioccipital is rugose at the presumed cranial attachment for the longus capitis muscle 
(Howell, 1927). There is no clear facet for the inferred contact with the pterygoid on the 
anterior edge of the basioccipital crest. In ventral view the crest diverges gently posteriorly but 
does not extend far laterally, so that structures around the periotic and the posterior lacerate 
foramen are clearly visible. Within the posterior lacerate foramen, the posterolateral part of the 
basioccipital crest is rugose, with two subvertical grooves, each bounded anteriorly by a 
vertical crest, just anterior to the contact with the exoccipital. The more anterior and larger crest 
extends laterally towards the periotic so that the posterior lacerate foramen is subdivided 
crudely into anterior and posterior parts. It is possible that this crest marks the anterior border 
of the path for the acoustic nerve, VIII, from the inner ear to the brain. 
The vomer and ventromedial laminae of the pterygoids are lost exposing a long, parallel-sided 
basisphenoid. Anteriorly the broken apex of the basisphenoid reveals overlying nerve canals, 
details of which are obscured by matrix. Posteriorly, the positions of the carotid foramen and 
thus the posterior end of the basisphenoid are uncertain because of poor preservation, but by 
analogy with other archaic Cetacea (BMNH 9266, labelled as Prozeuglodon atrox; MUGD 
F6055, Mammalodon cf colliveri) the carotid foramen opens at the posteromedial corner of the 
left pterygoid sinus fossa, about level with the groove for the tensor tympani muscle on the 
periotic. There is no trace of an alisphenoid-basisphenoid suture. Anterolaterally, the eroded 
thin alisphenoid forms most of the suboval fossa for the left pterygoid sinus. Here the eroded 
foramen ovale for the mandibular branch of the trigeminal nerve, V3, forms a large opening 
continuous posteriorly with the posterior lacerate foramen. The alisphenoid extends 
posterolaterally to buttress the falciform process of the squamosal and contact the more dorsal 
part of the anterior process of the periotic; here the alisphenoid forms the more medial part of 
the groove for V3. Anterolateral to the pterygoid sinus fossa, the alisphenoid forms part of the 
subtemporal crest, and it extends into the temporal fossa to form the eroded dorsolateral border 
for the orbital fissure. The alisphenoid can be traced onto the dorsolateral part of the skull, 
where it forms the anteriormost preserved bone, ventral to the parietal. Thin remnants of 
















Anterior to this fossa, a longitudinally-grooved remnant of the left pterygoid forms part of the 
narial passage. Because of poor preservation, it is not clear whether the pterygoid extends 
posterolaterally back below the subtemporal crest (here formed by alisphenoid and squamosal) 
to reach the so-called pseudo-foramen ovale, where V3 left the basicranium. 
The squamosal forms the posterolateral part of the braincase and most of the subtemporal 
border of the temporal fossa. The remnant of the left zygomatic process is low and laterally 
compressed, and diverges ma'rkedly from the skull. As viewed ventrally, the squamosal 
extends forward to bound the pterygoid sinus fossa laterally and, anteriorly, reaches the apex 
of the fossa. The squamosal-alisphenoid suture at the subtemporal crest lies far anterior to the 
pseudo-foramen ovale; this suture marks the anterior limit of a prominent shelf on the ventral 
surface of the squamosal internal to the subtemporal crest. Internally, and anterior to the path 
for nerve V3, the squamosal descends ventrally to meet the alisphenoid, which forms the 
posterolateral wall of the pterygoid sinus fossa. Further posteriorly, the squamosal descends to 
bound the periotic at the broken long base of the falciform process. Thus, the pseudo-foramen 
ovale is bounded dorsally only by squamosal. Posteriorly, the flat surface of the squamosal, 
lateral to the periotic lacks an obvious tympano-squamosal recess for a middle sinus. The 
glenoid fossa is lost, though the base of the left postglenoid process remains. Internal to the 
postglenoid process and anterior to the external auditory meatus is a transverse groove bounded 
by prominent anterior and posterior ridges, which marks the former site of the postglenoid 
foramen (Fordyce, 1994: 157), though a foramen is no longer present. A faint depression 
traverses the anterior ridge at its medial limit, immediately lateral to the mallear fossa. The 
external auditory meatus is large, widens and rises slightly externally, and is little obscured by 
the posteriorly-produced postglenoid process. A prominent, fine groove along the roof of the 
meatus lies within the squamosal. 
The posterior process of the tympanic bulla is wedged between exoccipital and squamosal. 
One face of the posterior process forms the posteroventral wall of the meatus, while 
posteromedially the other face bounds the deep, rugose cavity on the paroccipital process. A 
break through the wide, distal end of the right posterior process of the bulla reveals dense 
porcellanous bone, overlain dorsally by a small triangle of the broken posterior (mastoid) 
process of the periotic. Because the bone surface on the unbroken left side is rugose and 
deeply fissured, it is difficult to tell the extent of the bulla and periotic here, but it seems that the 
mastoid process of the periotic is exposed laterally on the skull wall, wedged between bulla, 
squamosal, and exoccipital. There is no stylomastoid foramen; a near-horizontal, indistinct, 
shallow groove for the facial nerve, VII, descends gradually across the steep posteromedial 
face of the posterior process of the tympanic bull a. As viewed ventrally, the broken pedicle for 
the attachment of the bulk of the bulla is elongate and bifurcated, with a long central 
depression. The posteromedial profile of the posterior process of the bull a is gently concave, 
-~~===-====-==="~ ..  :2., ,··=·"""=·· ;;,.~r,~.--.t~ 
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whereas its straight anteroexternal profile forms the almost planar wall of the external auditory 
meatus. Distally here, the well-preserved left posterior process of the bulla carries a deep 
roughened fossa, which also extends into squamosal and probably periotic. This fossa is 
probably the insertion for the sternomastoideus. 
Both periotics are in situ, applied to the inner face of the squamosal; each periotic is underlain 
ventrally by the posterior process of the tympanic bulla. The anterior process of the periotic 
has a rather flat inner face, and what is visible of the external face is strongly convex. The 
laterally-compressed anteroventral angle is round and produced far ventrally, as viewed 
laterally, and the indistinct anterior bullar facet behind this angle is narrow and antero-
posteriorly convex.· Above the anteroventral angle, the transversely rounded anterior keel rises 
dorsally and slightly anteromedially to the acute anterodorsal angle. Here the alisphenoid is 
applied closely to the periotic. An indistinct groove which rises towards the anteroventral angle 
may be homologous with the anterointernal sulcus, in turn perhaps for the lesser petrosal 
nerve. Posteromedially the anterior process is bounded by a narrow groove which marks the 
origin of the tensor tympani muscle. Behind the anterior bullar facet, the process is delimited 
by a prominent fovea epitubaria (for the accessory auditory ossicle, or processus epitubarius; 
lost post-mortem), which spans the full width of the process. A broken surface on the 
anteromedial side of the mallear fossa probably marks where the accessory ossicle fused with 
the periotic. Externally, the anterior process is limited by a deep notch, bounded by a groove in 
the sguamosal, which forms the ventral part of the anteroexternal sulcus. The middle 
meningeal artery probably entered the cranium here (fide Fordyce, 1994: 158). 
In ventral view, the pars cochlearis is roughly wedge-shaped, with its apex prolonged towards 
the anterodorsal angle of the anterior process. A prominent, elongate ventral keel is present, 
but the ventral surface is inflated little below the level of the fenestra oval is. The long axis of 
the elliptical fenestra rotunda is almost horizontal. Matrix obscures details of the cranial 
(dorsal) foramina and the internal auditory meatus; these structures face dorsomedially. 
On the body of the periotic, a large, shallow depression for the head of the malleus is bounded 
anteriorly and laterally by an elevated crest which is produced furthest ventrally at its inner 
margin. Posteromedial to the mallear fossa is the narrow facial sulcus for nerve VII, which 
opens at the facial canal just anterior to the fenestra ovalis. Lateral to the facial sulcus is the 
fossa incudis for the crus breve of the incus, which is marked by a large, irregularly oval, and 
elongate depression. Posterior to the mallear fossa and medial to the facial sulcus is the 
elongate fenestra ovalis with the stapes present in each periotic. The stapes are clearly visible in 
axial view along the external auditory meatus. The head of the complete right stapes faces 
ventrolaterally and slightly posteriorly, and it appears that the stapedial foramen is open, but 
details are obscured by matrix. The fossa for the stapedial muscle, which appears to be 

















TABLE 11 Measurements of skull of Zygorhiza sp. (OU 22100). All measurements from 
point to point in millimeters +/- 1 mm . 
Distance between lateral margins of exoccipitals 225mm 
Distance between lateral margins of occipital condyles 94mm 
Distance from dorsal margin of foramen magnum to apex of supraoccipital shield 
111 mm 
Greatest or obliquo-vertical diameter of occipital condyle 54mm 
Distance from start of temporal crests to intersection with lambdoid crest 100mm 
Vertical distance between extern-ventral angle of paroccipital process and apex of 
the supraoccipital 163mm 
Maximum transverse diameter of periotic at level of fenestra ovalis 16mm 
Maximum length of tympanoperiotic, tip of anterior process of periotic to tip of 
posterior process of bulla 88mm 
Greatest spread of lambdoidal crests, outside measurement 127mm 
Distance between fenestra rotunda and tip of anterior process of periotic 42mm 
Distance between fenestra rotunda and tip of posterior process of bulla 50mm 
Maximum anteroposterior diameter of pars cochlearis, from anterodorsal limit of 
groove for tensor tympani to posteromedial corner 33mm 
Maximum transverse diameter of pars cochlearis posterior to fenestra ovalis 8mm 
Greatest length of posterior process of tympanic bulla 47mm 
Distance between epitympanic orifice for facial nerve number 8 and tip of anterior 
process 38mm 
Discussion: 
Of the three archaeocete families, the Remingtonocetidae and the Protocetidae are said to lack 
enlarged air sinuses in the basicranium (Barnes and Mitchell, 1978: 585). Because enlarged air 
sinuses are present in OU 22100, it can be identified as Basilosauridae. 
The Basilosauridae comprise two subfamilies, the large growing Basilosaurinae and the smaller 
Dorudontinae. To compare the size and shape of OU 22100 (which due to its barely visible 
sutures is seen as an almost fully grown animal, comparable to age class IV (subadult) or V 
(adult) in extant Stenella spp. as described by Perrin (1975)) with Basilosauridae, skull 
measurements given by Kellogg (1936: 246-247, table 62) were used. The relevant 
measurements are shown in Table 12. The partial skull OU 22100 was also compared with 
descriptions and figures of basilosaurine skulls by Kellogg ( 1936), Stromer ( 1903, 1908a, 
1908b ), True ( 1908), Fraas ( 1904) and Andrews ( 1906) and with a cast of Z. kochii (USNM 
11962) held in the Geology Museum at the University of Otago. 
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TABLE 12 Comparison of skull measurements of Zygorhiza sp. (OU 22100) with other 
archaeocete genera. The nomenclature follows Gingerich ( 1992) and Gingerich et al. ( 1990); 
see also the introduction to archaeocete taxonomy in this chapter. (A) = formerly identified as 
Dorudon intermedius, (B) = formerly identified as Dorudon osiris, (C) = formerly identified as 
Dorudon zitteli, (D) = formerly identified as Dorudon stromeri, (E) = formerly identified as 
Prozeuglodon isis. Millsaps= Millsaps College Museum juvenile Zygorhiza kochii and 
Millsaps College Museum adult Zygorhiza kochii. All measurements from point to point in 
millimeters +/- 1 mm; for institutional abbreviations see page xv. All measurements except OU 
22100 from Kellogg (1936: 246-247, table 62). 
X = distance between outer edges of exoccipitals 
Y = distance from upper margin of foramen magnum to apex of supraoccipital shield 
Z = distance between outer margins of occipital condyles 
Taxon X y z Collection number 
?Zygorhiza sp. 225 111 94 OU 22100 
Zygorhiza kochii 245 128 113.5 Millsaps (juvenile) 
Zygorhiza kochii 268.5 136.5 119 USNM 11962 
Zygorhiza kochii - 156 112 Millsaps (adult) 
Prozeuglodon atrox (A) 217 119.7 -107.7 BMNHM9226 
Prozeuglodon atrox (A) - 161.5 113 BMNHM 10173 
Prozeuglodon atrox (A) 287 164.3 112.5 Mti 1904 XII 134a 
Saghacetus osiris (B) - 113.5 90 Mti 1904 XII 134 
Saghacetus osiris (B) -220 -130 80 Mti 1902 XI 56 
Saghacetus osiris (B) 275.2 156.8 91.8 BMNHM 10228 
Saghacetus osiris (B) 266 114 108 L6St 11626 
Saghacetus osiris (B) 222.5 134 66.5 BMNHM 8150 
Saghacetus osiris (B) -205 - 76 AMNH 14382 
Saghacetus osiris (C) 223 172 76.7 L6St 11235 
Saghacetus osiris (D) 262.5 138.5 .- Mti 1904 XII 134e 
Basilosaurus isis (E) 415 246.3 138.5 L6St 11787 
Basilosaurus isis (E) 390 225 124.2 AMNH 14381 
Basilosaurus cetoides 463 251 144.8 USNM4674 
The measurements for Basilosaurus cetoides (Owen, 1839) and Basilosaurus isis (Andrews, 
1904) indicate skulls about twice as large as OU 22100. Also, Basilosaurus isis (Stromer, 
1908a: fig. 1 on plate 7; and Kellogg, 1936: 79, fig. 28) and Basilosaurus cetoides (Kellogg, 


















vertical median ridge on their dorsal border, thus differing substantially from OU 22100. 
These features suggest that OU 22100 is not a species of Basilosaurus. 
A comparison with the Dorudontinae proved more difficult, because detailed basicranial 
descriptions are sparse, and in most cases only different shaped intertemporal crests and 
supraoccipital shields are readily described. Minor differences in the shape of the intertemporal 
crest are probably not species specific. Such variations could easily reflect small changes in the 
temporal musculature for example due to the ontogenetic age ( different prey between younger, 
smaller animals and larger, adult animals). Further the shape and size of the supraoccipital 
shield is known to differ even in the same species. Two skulls of B. isis, figured in Kellogg 
( 1936: plate 9), show different shaped supraoccipital shields: one specimen from the collections 
of the Lowentormuseum in Stuttgart (LoSt 11787) has an almost square supraoccipital shield, 
another specimen from the National Museum of Natural History (USNM 14381) shows a high 
rectangular supraoccipital shield. 
Differences in the dimensions of the posterior part of the skull in the Dorudontinae cannot be 
used to distinguish between genera as can be seen in the size variations in Saghacetus osiris 
(see Table 12). The width to height ratio of the posterior part of the skull, as well as the ratio 
of the distance between the lateral margins of the occipital condyles and the distance between 
the lateral margins of the exoccipitals, show that the variation within the species S. osiris 
covers a wide range which includes all other species in Table 12. 
Prozeuglodon atrox Andrews, 1906 differs, apart from its slightly larger size, from OU 22100 
in that its supraoccipital shield, as figured and described by Andrews (1906: 245, fig. 81) is 
more vertical. Also, the condyles are kidney-shaped rather than oval and surround an oval 
rather than rectangular foramen magnum. 
The holotype for Saghacetus osiris (Dames, 1894b) as figured by Stromer (1908a: fig. 4 in · 
table 4), differs from OU 22100 in that it shows a tall and very narrow supraoccipital shield (its 
lateral width is smaller than the distance across the condyles). Also the sagittal crest in this 
specimen branches before it meets with the lambdoidal crest. OU 22100 shows a distinct 
trifold intersection between these crests. 
The ear region of S. osiris (described by Pompeckj in 1922, using a specimen held in the 
Senckenberg Museum in Frankfurt, which he called Dorudon osiris) is, apart from minor 
differences identical to OU 22100. Pompeckj (1922: 78) also stated that the ear region in 
Dorudon osiris [= Saghacetus osiris] and Zeuglodon brachyspondylus minor[= Zygorhiza 
kochii] appears very similar, and that it is not possible to distinguish these genera using the ear 
anatomy only. 
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Dorudon serratus Gibbes, 1845, as figured in True (l 908: 65-78 and plates) and Kellogg 
(1936: 178-183) is only reported from teeth and a few, mainly anterior skull fragments which 
do not allow a substantiated comparison with OU 22100. 
Z. kochii (Reichenbach, 1847) is similar to OU 22100 in the general morphology of the skull, 
only its supraoccipital shield is different in that it shows a vertical median ridge near its apex 
unlike OU 22100 where the vertical median ridge is restricted to the ventral and middle part of 
the shield. A further difference can be seen in the pseudo-foramen ovale region, which is 
described for Z. kochii (Millsaps College, adult specimen) (Kellogg, 1936: 109, fig. 3 lc) as 
showing the pseudo-foramen ovale surrounded by squamosal with a dorsoventral directed 
suture to the pterygoid immediately anterior to it. In OU 22100 the pseudo-foramen ovale is 
preserved as a groove likewise surrounded by squamosal, but there is no trace of pterygoid or a 
suture in this region. The pterygoid in OU 22100 is only preserved in the anteromedial part of 
the pterygoid sinus fossa, but it may well have formed a thin ventral wall of the above fossa, 
contacting alisphenoid near the subtemporal crest. But even this supposition cannot explain the 
pterygoid-squamosal suture figured by Kellogg (1936). 
In summary, the skull OU 22100 can be identified as a member of the Basilosauridae ( enlarged 
air sinuses) within the Dorudontinae (small to medium sized basilosaurids). A positive 
allocation to a particular genus appears impossible due to the lack of more specific material such 
as teeth. However, I consider it as very likely that other New Zealand archaeocete fossils from 
the same locality in the Waihao River (OU 22221, OU 22222 and OU 22242) derive from the· 
same genus as OU 22100. This assumption allows one to regard OU 22100 as being more 
closely related to the genus Zygorhiza (as indicated by OU 22242 and OU 22222-1) than to any 
other dorudontine genera. 
A worldwide census of the distribution of all dorudontine species indicates that in most cases 
there is only one species known from one particular formation (Gingerich, 1992; Kellogg, 
1936). The only proven exemptions are the species Saghacetus osiris (Dames, 1894b) and 
Saghacetus stromeri (Kellogg, 1928), which both derive from the upper Qasr el-Sagha 




















Dorudontinae genus and species indet. ZMT 79 (FRN J40/fl 6) 
Order Cetacea Brisson, 1762 
Suborder Archaeoceti Flower, 1883 [used as defined above] 
Family Basilosauridae Cope, 1868a [ emended after Barnes and Mitchell, 1978] 
Subfamily Dorudontinae (Miller, 1923) Barnes and Mitchell, 1978 
Synonymy: 'Teeth of Crocodilus, sp.' Haast, 1879. 
'teeth of crocodile (?)' Hutton, 1887. 
'Crocodilus sp.' McKay, 1887. 
'dorudont archaeocete aff. Dorudon' Fordyce, 1980a. 
'teeth[ ... ] in or near[ ... ] genus Dorudon' Fordyce, 1982b. 
'Archaeoceti: Dorudontinae' Fordyce, 1985b. 
'teeth reminiscent of[ ... ] genus Dorudon' Fordyce, 1991. 
Material: An incomplete crown of a lower right or upper left incisor or canine, the incomplete 
crown of a lower left or upper right second premolar and a fragment of a ?tooth root. 
Location: Found at or near Waihao Forks in the Waihao River valley in South Canterbury. The 
exact location is not known, but the only outcrop of Waihao Greensand in the vicinity of 
Waihao Forks, which is known to yield archaeocete material, is about 1.5 km downstream 
from Waihao Forks. This outcrop is the source for all the other archaeocete material known 
from the Waihao River (OU 22100, OU 22221, OU 22222 and OU 22242). 
Horizon: "The horizon is probably McCullough Formation (Waihao Greensand of old use)" 
(Fordyce, 1985b: 352). 
Age: Most likely late Bortonian (early Bartonian), because if (and this seems to be the only 
explanation) the teeth material derived from the same outcrop as the other Waihao archaeocetes, 
they most likely also derived from the upper, glauconitic part of the outcrop, from the same 
area where OU 22242 was found. 
Found: Between December 1867 and January 1868 or in the November-December period in 
1874 by Julius von Haast. 
Comment: The fossil material was described and figured by Fordyce in 1985b; most of the 
information given here relies on this paper. 
Description and discussion: 
The teeth fragments were described and figured by Fordyce ( 1985b) and subsequently placed 
in the Dorudontinae (cf Dorudon sp.), due to the relatively small size and the general shape of 
the premolar fragment. They differ from other tooth material from the Waihao Greensand (OU 
22222, OU 22242) in that they show a far stronger ornamentation with distinct vertical ridges, 
which is more similar to the archaeocete material from the North Island (FRN X 17 /fl 20). 
Unfortunately a cingulum is not preserved in Haast's material, and it must therefore remain 
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uncertain whether it is closer related to Zygorhiza (possessing cingula) or to other dorudontines 
(which lack pronounced cingula). 
IMPLICATIONS OF THE NEW ZEALAND ARCHAEOCETE MATERIAL 
How many archaeocete taxa were present in the New Zealand Eocene? 
The Eocene New Zealand Cetacea comprise at least two different genera: a smaller, around 
4.5 m long dorudontine probably related to Zygorhiza kochii, and an animal at least twice as 
large represented by caudal vertebrae (OU 11579). The general shape and size of these caudal 
vertebrae does not allow to include them into any described archaeocete genus. They could be 
interpreted as deriving from a very large, but as yet unknown group within the Dorudontinae. 
Differences within the small New Zealand dorudontines are only recognisable in the 
ornamentation of the tooth material. The teeth collected from the Waihao Forks area by Haast 
(1879: 311) include a strongly ornamented crown of a cheek-tooth, which contrasts with the 
smoother crown of OU 22222-1 and OU 22242, but is similar to the North Island material 
(FRN XI 7/f120). 
This difference in tooth ornament between Haast's material and FRN X 17 /fl 20 on one side and 
the more recently found teeth from the Waihao River allows two different interpretations. It is 
either possible that the differences in ornamentation are merely due to interspecific variation, or 
that two different species of Zygorhiza-like archaeocetes were present during the New Zealand 
Eocene. However, the fossil material is not extensive or complete enough to make this 
decision. 
How many individuals are represented by the Waihao River material? 
The material from the Waihao River was all found in a small area and most likely, due to their 
similar glauconitic silt matrix, derived from the same stratigraphic horizon as OU 22242. The 
similar preservation, colour and degree of weathering of the fossil material also supports a 
common source horizon. All the skeletal remains could derive from a single species related to 
the genus Zygorhiza. Differences from Z. kochii appear in the vertebrae, which are in two 
cases more antero-posteriorly elongated (OU 22221-6, OU 22222-4 ). This difference could be 
of taxonomic value, but lack of more material does not allow a precise statement. 
The inferred similar ontogenetic age, and the lack of any duplicate skeletal elements in the 
recently found Waihao River material could thus indicate that all fossil remains derived from 



















To assess whether the partial skull and the teeth cou.ld represent one animal, a biometric 
approach was taken, using measurements given by Kellogg ( 1936) for Z. kochii. Z. kochii 
was chosen because the cingula on OU 22222-1 and OU 22242 point towards this genus, and 
also because Z. kochii is the most detailed described dorudontine archaeocete at this point in 
time. 
Extrapolating from cranial measurements given by Kellogg (1936: table 62), the Waihao 
animal, as represented by OU 22100 was about 18 % smaller (see Table 13) than Z. kochii (i.e. 
440 cm body length, compared to 493 cm given by Kellogg (1936: 288) for Z. kochii (based 
on USNM 11962) ). The restricted amount of published skeletal measurements for the genus 
Zygorhiza, as well as the incompleteness of most material makes a conclusive biometric 
comparison between Z. kochii and the Waihao animal very difficult, because the presumably 
present allometric growth rate between different skeletal elements cannot be evaluated. 
However, concluding from the difference in skull size between OU 22100 and USNM 11962 I 
expected a permanent upper third premolar of OU 22100 to be, at the most, 18 % smaller than a 
similar tooth in USNM 11962. 
TABLE 13 Comparative measurements of Zygorhiza sp. (OU 22100) and Z. kochii (as 
represented by 11962 USNM). All measurements from point to point in millimeters,+/- 1 
mm. Measurements for USNM 11962 from Kellogg (1936: table 62) . 
collection distance between distance from dorsal distance between 
number lateral margins of margin of foramen lateral margins of 
exoccipitals magnum to apex of occipital condyles 
supraoccipital shield 
OU 22100 225 (84%) 111 (81 %) 94 (79%) 
USNM 11962 268.5 (100%) 136.5 (100%) 119(100%) 
Anterior cheek teeth in mammals (primates and insectivores) have been described (Gingerich 
and Smith, 1985) to show a negative allometric growth, i.e. these teeth are relatively larger in 
younger animals. Comparison of tooth size between USNM 11962 and OU 22222-1, 
however, show that OU 22222-1 is about 30 % smaller than a similar tooth in USNM 11962. 
I consider this unexpected large difference, which implies a negative allometric growth, as an 
indicator that the tooth OU 22222-1 cannot be identified as a permanent tooth from the skull 
OU 22100. 
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The size difference between the deciduous and permanent upper third premolar in Z. kochii is 
about 12 % (as shown by an immature animal (Millsaps College Museum); measurements from 
Kellogg, 1936: table 30 and table 32). Because OU 22100 is 18 % smaller than the skull 
USNM 11962, a permanent Pm} of OU 22100 could also be smaller by about the same 
amount. By further reducing this calculated tooth size by 12 %, the dimensions of a deciduous 
PmJ for OU 22100 should thus be reached (see Table 14). Surprisingly the calculated size 
(34.3 and 27.7 mm) for a deciduous PmJ for OU 22100 is almost identical to OU 22222-1 (34 
and 28 mm). This result could be seen as an indicator that OU 22222-1 is a deciduous tooth 
from the same animal from which OU 22100 derived. However, the almost complete roots of 
OU 22222-1 do not show any signs of bone-absorption, which should be expected in a 
deciduous tooth. Additionally the worn off cingulum on the anterolingual side of the crown 
further supports an identification as a permanent tooth. 
TABLE 14 Comparative measurements of Pm]. (third upper premolar) and DPm} ( deciduous 
third upper premolar) of Z. kochii (11962 USNM and Millsaps specimen adult), with a third 
right upper premolar of Zygorhiza sp. (OU 22222-1). All measurements from point to point in 
millimeters ( +/- 0.5 mm). Data for Z. kochii from Kellogg (1936: table 30 and 32). 
Tooth (with specimen antero-posterior vertical height of 
Taxa from which it derived) diameter at the base the enamel crown 
of the enamel crown 
Zyiorhiza kochii Pm} USNM 11962 49 (100%) 39.6 (100%) 
Zyiorhiza sp. PmJ OU 22222-1 34 (69%) 28 (71 %) 
2_yiorhiza kochii PmJ Millsaps _juvenile 49.5 (100%) 42.5 (100%) 
Zyiorhiza kochii DPmJ Millsaps juvenile 43.5 (88%) -
Zyiorhiza kochii Pm2 USNM 11962 53.8 (100%) 42 (100%) 
2_ygorhiza sp. Pm2 OU 22242 45 (83.6%) 40 (95.2%) 
Because no data on allometric tooth growth is available for archaeocetes, and because other 
possible variables such as interspecific variation cannot be evaluated, I regard the physical 
evidence for OU 22222-1 as a permanent tooth as an indicator that it derived from a skull which 
was even smaller than OU 22100. 
The tooth OU 22242 is similar to OU 22222-1 in that it too shows a cingulum, anterior and 
posterior denticles and little ornamentation. Its size, however, points towards an animal larger 
than the animal from which OU 22222-1 originated (see Table 14). Whether or not it could 
have derived from the same animal as OU 22100 can, due to the lack of available data, not be 



















Age comparison with other archaeocetes worldwide 
The archaeocetes from the Waihao Greensand provide, next to an early Lutetian fossil from 
Senegal (Elouard, 1966), the second oldest published record for the subfamily Dorudontinae . 
The specimens are, at youngest, from the base of the New Zealand Kaiatan Stage, about 
equivalent to the European middle Bartonian Stage, and at the oldest from the upper middle part 
of the New Zealand Bortonian Stage, about latest Lutetian (see Waihao chapter for a more 
detailed discussion). The find of OU 22242 in slope wash from the phosphatic horizon region 
supports an earliest Bartonian age for at least one of the Waihao archaeocete fossils. The age 
control for the dorudontine material from the North Island (FRN X17/f120) is very poor and 
can only be given as Danian to Priabonian (see discussion of FRN Xl7/f120) . 
All the described northern (Atlantic and Tethyan) dorudontines appear to be younger than the 
Waihao material. Dorudon serratus and Zygorhiza kochii from the North American Atlantic 
Coastal Plain are of Priabonian age (interpretation of ages of Coastal Plain units after Popenoe 
et al., 1987; Gohn, 1988; Westgate, 1988). According to Gingerich (1992) Egyptian 
dorudontines are known from near the Bartonian-Priabonian boundary (Prozeuglodon atrox), 
and from the late Priabonian (Saghacetus osiris, Dorudon stromeri) (see Fig. 120). 
The record of archaeocetes for the Southern Hemisphere includes only the Basilosauridae with 
the subfamily Dorudontinae known from the New Zealand late Lutetian-early Bartonian, and 
the subfamilies Dorudontinae and (?)Basilosaurinae from late Eocene to possible earliest 
Oligocene sedimentary rocks from Seymour Island, Antarctica (see below). The subfamily 
Dorudontinae is further reported from Priabonian strata from Germany and England (Halstead 
and Middleton, 1972; Rothausen, 1986). 
The surprisingly early age given by Elouard for the dorudontine material from Senegal, seems 
reliable; it is based on the foraminifer Nummulites tchihatcheffi (or tchiatchejfi) Ariac and 
Haime, 1853 which is restricted to the early Lutetian (Douville, 1908: 266; Castelain, 1965: 
137, A. Racey and E. Robinson, personal communications, see appendix F). This surprising 
distribution of Dorudontinae, with early material from Senegal and New Zealand, is seen here 
as an indicator that Dorudontinae were well established and travelled freely around the globe 
from the middle Eocene onwards. 
Archaeocetes are reported from widespread Tethyan and North Atlantic localities including 
Egypt, Nigeria, Senegal, Togo, Europe, North America and Pakistan-India (e.g. Kellogg, 
1936; Sahni and Mishra, 1975; Barnes and Mitchell, 1978; Kumar and Sahni, 1986; Gingerich 
and Russell, 1990; Gingerich etal., 1992; Gingerich, 1992; Thewissen etal., 1994). There 
are, however, few published reports of archaeocetes from the Southern Hemisphere, e.g. 
Wiman (l 905), Elliot et al. ( 1975), Fordyce ( 1985a, 1985b, 1989b), Cozzuol (l 988), Borsuk-
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Bialynicka (1988), and Stilwell and Zinsmeister (1992). Apart from Elliot et al. (1975), 
Cozzuol ( 198.8) and Fordyce ( 1985a, 1985b ), none of the published material includes any 
skull, or tooth fragments. 
The record of cetaceans extends back to early Eocene time with the most archaic archaeocete, 
Pakicetus inachus discovered in fluvial sedimentary rocks in Pakistan (Gingerich et al., 1983). 
Figure 121 shows a paleogeographic world map for 53 million years ago (source: Cambridge 
Paleomap Services Ltd. 'Atlas V.2') with localities for Late Ypresian archaeocetes indicated. 
An age reference is given for each species in the figure caption. 
Lutetian to earliest Bartonian archaeocetes are recorded from widespread Tethyan and North 
Atlantic localities including Egypt (Fraas, 1904), ?Libya (Savage, 1971: 217), Nigeria 
(Andrews, 1920; Halstead and Middleton, 1974; 1976 a,b), Senegal (Elouard, 1966), Togo 
(Gingerich et al., 1992), Texas (Kellogg, 1936), India (Sahni and Mishra, 1972), Pakistan 
(Gingerich et al., 1993; 1994; 1995), and New Zealand (Fordyce, 1985a, 1985b; Kohler, 
1993). Figure 122 shows a paleogeographic world map for 42 million years ago (source: 
Cambridge Paleomap Services Ltd. 'Atlas V.2') with localities for Lutetian to early Bartonian 
archaeocetes indicated. An age reference is given for each species in the figure caption. 
Late Bartonian and Priabonian archaeocetes are also reported from widespread Tethyan and 
North Atlantic localities including Germany (Kuhn, 1935; Rothausen, 1986), Egypt (Andrews, 
1904, 1906; Dames, 1894b; Kellogg, 1936), Britain (Seeley, 1876; Halstead and Middieton, 
1972), the East Coast of North America (Carns, 1847, Kellogg, 1936), Pakistan (West, 1980) 
and Seymour Island (see below). Figure 123 shows a paleogeographic world map for 38 
million years ago (source: Cambridge Paleomap Services Ltd. 'Atlas V.2') with localities for 
Bartonian and Priabonian archaeocetes indicated. An age reference is given for each species in 
the figure caption. 
Gingerich et al. (1983) made a convincing point in their interpretation that Pakicetus inachus 
(latest Ypresian according to Gingerich and Russell, 1990) is indeed the ancestor of all modern 
cetaceans. This would imply an evolution of cetaceans in the eastern Tethys region. The 
archaeocetes then apparently spread very quickly around the world (Tethys, north Atlantic and 
south-west Pacific in the Lutetian Stage, Antarctic waters by latest Eocene, see Figs. 121-123). 
The record for archaeocetes in the Southern Hemisphere is, apart from the New Zealand 
material, very problematic. The material sufficiently described is mostly not specific for a 
genus or family, or sometimes even suborder, and very often age control is poor. 
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FIGURE 121 Paleogeographic world map (source: Cambridge Paleomap Services Ltd. 'Atlas V.2') for 53 million years ago with Late Ypresian 
archaeocetes indicated: Protocetidae (P). Continental shelfs are grey. 





Name (reference for specimen, not necessarily author) 
Pakicetus inachus (Gingerich and Russell, 1981) 
Pakicetus attocki (West, 1980) 
lchthyolestes pinfoldi (Dehm and Oettingen-Spielberg, 1958) 
Gandakasia potens (Dehm and Oettingen-Spielberg, 1958) 
Age (reference for age) 
latest Ypresian (Gingerich and Russell, 1990: 3) 
latest Ypresian (Gingerich and Russell, 1990: 2) 
latest Ypresian (Gingerich and Russell, 1990: 3) 
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FIGURE 122 Paleogeographic world map (source: Cambridge Paleomap Services Ltd. 'Atlas V.2') for 42 million years ago with Lutetian to early 
Bartonian archaeocetes indicated: Protocetidae (P), Basilosauridae (B = Basilosaurinae, b = Dorudontinae), Remingtonocetidae (R), and incerta 
sedis (?), continental shelfs are grey. 





















Name (reference for specimen, not necessarily author) 
Cetacea (Savage, 1971) 
Archaeoceti 
Archaeoceti (Gingerich et al., 1992) 
Reniingtonocetus harudiensis (Sahni and Mishra, 1975) 
Remingtonocetus sloani (Sahni and Mishra, 1972) 
Andrewsiphius kutchensis (Sahni and Mishra, 1975) 
Andrewsiphius minor (Sahni and Mishra, 1975) 
Dalanistes ahmedi (Gingerich et al., 1995) 
Remingtonocetus cf harudiensis (Gingerich et al., 1993) 
Protocetus sp. (Kellogg, 1936: 242) 
Protocetus atavus (Gingerich, 1992: 74) 
Pappocetus lugardi (Andrews, 1920) 
Eocetus schweinfurthi (Gingerich, 1992: 74) 
Indocetus ramani (Gingerich et al., 1993: 411) 
Takracetus simus (Gingerich et al., 1995) 
Gaviacetus razai (Gingerich et al., 1995) 
Indocetus sp. (Gingerich et al., 1993) 
Rodhocetus kasrani (Gingerich et al., 1994) 
Zygorhiza sp. 
Saghacetus ?osiris (Elouard, 1966: 9) 
Age (reference for age) 
middle Eocene (Savage, 1971) 
latest Lutetian to early Bartonian (this thesis) 
Lutetian (Gingerich et al., 1992) 
Lutetian (Kumar and Sahni, 1986: 326) 
Lutetian (Kumar and Sahni, 1986: 326) 
Lutetian (Kumar and Sahni, 1986: 326) 
Lutetian (Kumar and Sahni, 1986: 326) 
late early Lutetian (Gingerich et al., 1995) 
late early Lutetian (Gingerich et al., 1993) 
late middle Eocene (Kellogg, 1936: 242) 
middle Lutetian (Gingerich, 1992: 74) 
middle Lutetian (Valen, 1968: 37) 
Bartonian (Gingerich, 1992: 74) 
early or middle Lutetian (Gingerich et al., 1993: 411) 
late early Lutetian (Gingerich et al., 1995) 
late early Lutetian (Gingerich et al., 1995) 
late early Lutetian (Gingerich et al., 1993) 
late early Lutetian (Gingerich et al.,1994) 
latest Lutetian to early Bartonian (this thesis) 
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Finl IRI 1 I 2J Palcogcographic world map (source: Cambridge Paleomap Services Lid. 'Atlas V.2') for 38 million years ago with late Bartonian to 
Priahonian archacocctes indicated: Basilosauridae (B = Basilosaurinae, b = Dorudontinae), incerta sec/is(?), continental shelfs are grey. 















Name (reference for specimen, not necessarily author) 
Archacoceli (Kellogg, 1936: 259) 
Archacoccti or Mysticeti (?Llanoceticlae) 
'?!3asilosa11ms sp. (Woodburne and Zinsmeister, 1984: 916) 
Basilosaurus sp. (West, 1980: 517) 
Basilosaurus sp. (Halstead and Middleton, 1972: 187) 
Prozeugloclon atrox (Gingerich, 1992: 74) 
Basilosaurus cetoides (Owen, 1839) 
nasilo.,·a11r11s isis (Andrews, 1904) 
Z_rgorhiw sp. (Woodburnc and Zinsmeister, 1984: 916) 
Saglwcetus osiris (Gingerich, 1992: 74) 
Dorndrm serratus (Kellogg, 1936: 178) 
?Saghacetus osiris (Rothausen, 1986: 518) 
Zygorhiza kochii (Kellogg, 1936: 101) 
Zygorhiza kochii (Seeley, 1876) 
Age (reference for age) 
latest Eocene (Kellogg, I 936: 259) 
La Meseta Formation, Seymour Island (this thesis) 
?Priabonian (Wood bu me and Zinsmeister, I 984: 9 I 6) 
middle Eocene (West, I 980: 5 I 7) 
late Eocene (Halstead and Middleton, 1972: 187) 
Bartonian-Priabonian transition (Gingerich, 1992: 74) 
Priabonian (Kellogg, 1936: 15) 
Bartonian-Priabonian transition (Gingerich, 1992: 74) 
?Priabonian (Wooclhurne and Zinsmeister, 1984: 916) 
late Priabonian (Gingerich, 1992: 74) 
Priabonian (Kellogg, 1936: 178) 
Priabonian (Rothausen, 1986: 518) 
Priabonian (Kellogg, 1936: 101) 





Archaeocetes and archaic mysticetes from the La Meseta Formation of Seymour 
Island 
The earliest report for archaeocetes from Seymour Island, Antarctica can be found in Wiman, 
( 1905: 3-6). He described and figured two incomplete tail vertebrae of 'Zeuglodon' with a 
(reconstructed) length of the centrum of 145 mm (without epiphyses), a lateral width of 
120 mm, and a dorsoventral height of 200 mm for an anterior caudal vertebra, and a hinder 
caudal vertebra with a length of 100 mm, a dorsoventral height on the anterior articulation 
surface of 125 mm and a lateral width of 140 mm. These vertebrae, which are not particularly 
antero-posteriorly elongated, cannot with certainty be referred to a particular archaeocete 
family, although they are cited by Cozzuol (1988) as genus Basilosaurus. However, their 
shape does not require an identification as Basilosaurinae, for they are not antero-posteriorly 
elongated. Their large size further excludes an identification with any known species of 
Dorudontinae, which are only described from small animals (see discussion of OU 11579 
above). The fossil locality was described by Wiman (p. 2) as being in the north-east part of 
Seymour Island near the north-east shore at about 50 m above sea-level. According to maps 
(Sadler, 1988) and descriptions, this region yields units TELM 6-7 (Tertiary La Meseta 
Formation of Sadler, 1988). 
The assignment of whale vertebrae from Seymour Island to Basilosaurus must be seen with the 
historical background. In 1905 when Wiman first described whale vertebrae from Seymour 
Island, a great many whale vertebrae found from around the world were provisionally 
identified as Zeuglodon, due to the great popularity of Zeuglodon [= Basilosaurus] fossils from 
the East Coast of the southern United States, and from material discovered and described at the 
beginning of the century from Egypt. The name Zeuglodon was, in most cases, used as a 
synonym for early to middle Tertiary whales, or, at the best, as a synonym for archaeocetes. 
The term Basilosaurus, which implies an inclusion into the Archaeoceti, was very often applied 
to larger vertebrae of Eocene age. However, the Basilosaurinae distinguish themselves not 
only by their larger size from other archaeocetes, but also by their elongate vertebral bodies 
(Barnes and Mitchell, 1978). 
The next find from Seymour Island, which found its way into the literature, was made by Elliot 
et al. ( 1975) but was not figured and only described as (p. 186) "A small whale skeleton 
(Zeuglodon) (?) was found, however; fragments of the lower jaw containing teeth should yield 
valuable information concerning the whale's early evolution." These 'fragments of the lower 
jaw' were later described and figured by Mitchell ( 1989) as Llanocetus denticrenatus, an early 
mysticete. During the field-season of 1986-87 Fordyce collected most of the remaining skull of 
this specimen (R. E. Fordyce, personal communication, February 1996) and briefly outlined its 
main important characters (Fordyce, 1989b: 272). Zinsmeister and Camacho (1982) gave as 


















corresponds to TELM 6-7 of Sadler, 1988). Stilwell and Zinsmeister ( 1992: fig. 56-57, figure 
captions) gave the find horizon of this specimen as TELM 7. The age for the holotype 
specimen of Llanocetus denticrenatus, i.e. the fragments of Elliot et al. ( 197 5) and Fordyce 
( 1989b ), was noted by Mitchell (1989: 2219) as late Eocene, however Fordyce (personal 
communication, March 1995) considers it possible that the specimen may be of early Oligocene 
age. Llanocetus denticrenatus comprises an early mysticete (family Llanocetidae Mitchell, 
1989) and is not included in the archaeocete suborder. 
Borsuk-Bialynicka (1988) published a short paper on three vertebrae fragments and a 
manubrium found in situ in unit III of Elliot et al. ( 1975), which correlates to TELM 4-5 of 
Sadler ( 1988). These archaeocete fragments were tentatively allocated in the Dorudontinae by 
Borsuk-Bialynicka due to their not antero-posteriorly elongated vertebral centra. Borsuk-
Bialynicka (1988) further stated that her material indicates an archaeocete about twice as large 
as Saghacetus osiris (as described under the name Dorudon osiris by Slijper (1936: fig. 156)). 
I regard the dedication to the Dorudontinae as questionable because the vertebrae indicate an 
animal which grew far larger than the average dorudontine archaeocete. 
Chaney (1988: fig. 1.1) figured photographs of a whale vertebra (UCR 22174) from the "late 
Eocene La Meseta Formation" which shows a lateral width of the centrum of 16 cm, a length of 
14 cm and a massive, thick neural process. This vertebra, which was collected from TELM 6-
7 (R. E. Fordyce, personal communication, February 1996), cannot be referred to the 
Basilosaurinae (which have anterior-posteriorly elongated vertebral bodies), or to the 
Dorudontinae (which are only known from relatively small animals). 
Fordyce ( 1989b) described additional fossil cetaceans from Seymour Island. These fossils 
comprise a large denticulate tooth Cantero-posterior crown length 56 mm), a cervical vertebra 
with a centrum 83 mm high and 86 mm wide, and (p. 274): 
[ ... ] an incomplete large skull and associated teeth, parts of mandibles, vertebrae and ribs. 
[ .. .]. Its large size (exoccipital width c. 630 mm, length from condyles to narial opening c . 
I 330 mm) suggests an overall skull length of 2 m (bigger than any described archaeocete) 
and a body length of 8 -10 m. 
Fordyce ( I 989b) suggested that the large cetacean remains, which cannot be referred to any 
archaeocete genus, may derive from an early mysticete. The smaller cervical vertebra shows a 
size and shape which compares well to cervicals described and figured by Kellogg ( 1936) for 
basilosaurid archaeocetes . 
Stilwell and Zinsmeister ( 1992) published a photo of a supposedly late Eocene vertebra from 
Seymour Island. This big partial ?lumbar vertebra (lateral width of the centrum at least 35 cm, 
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antero-posterior length 22 cm) (R. E. Fordyce, personal communication, February 1994) was 
prepared at the University of Otago. Its age (TELM 5 of Sadler, 1988; according to Stilwell 
and Zinsmeister, 1992: caption of fig. 48, and J. D. Stilwell, personal communication, March 
1994) is thought to be somewhat older than Llanocetus which is TELM 7 (Stilwell and 
Zinsmeister, 1992: caption of fig. 56 and 57), but because a firm correlation of the TELM 
subdivisions with European Stages is as yet not possible, this difference in age cannot be 
calibrated. The vertebra can, due to its large size, not be included into the Dorudontinae. The 
larger Basilosaurinae are known to have antero-posteriorly elongated vertebrae (Barnes and 
Mitchell, 1978) and can therefore be dismissed as the source of the vertebra discussed here. 
The large cetacean specimens described and/or figured by Wiman (1905), Borsuk-Bialynicka 
(1988), Chaney (1988), Fordyce ( 1989b ), and Stilwell and Zinsmeister (1992) cannot be 
identified with confidence with a known member of the archaeocete suborder. The only whale 
reported from the La Meseta Formation that grew large enough to yield skeletal elements with 
this size (and shape) is Llanocetus. However, because there are no vertebrae known from the 
holotype of Llanocetus denticrenatus a definite association of the above mentioned fossils to 
this species is not possible. 
The only other large cetacean fossils from the Eocene of the Southern Hemisphere, apart from 
Seymour Island material, are from New Zealand (OU 11579). These large caudal vertebrae can 
likewise not be referred to a described archaeocete genus, and it is possible that they are related 
to the animals from which the large Seymour Island material originated. 
Further cetacean fossils from the La Meseta Formation were very briefly described by Cozzuol 
( 1988) as (translated by J. D. Stilwell): 
The most outstanding specimens are: a molar fragment, the mould of an incisor, a 
fragment of skull, proximal scapula fragment, and a posterior cervical vertebra. The 
proximal fragment of scapula and the cervical vertebra cannot be identified with any 
confidence, but their size is comparative to the representatives of the subfamily 
Basilosaurinae, those of the greatest size of the suborder. The molar corresponds to a Pm2 
or Pm3 from the Dorudontinae that, because of the presence of a crenulated cingulum is 
interrupted below from the principal cusp and for the presence of more than three 
accessory teeth on the posterior margin, can be assigned to the genus Zygorhiza. The 
incisor presents the general characteristics from the incisors of the Basilosauridae, but its 
size is comparative with those from the Dorudontinae, although it has a prominent and 
ui10rnamented lingual cingulum that is not present in any known archaeocete. The skull 
fragment corresponds to the orbital region of a juvenile, of which dimensions correspond 
to the juvenile of Zygorhiza described by Kellogg (1936). The preliminary conclusions 
are: I. the smallest of the forms of archaeocete are represented in the deposits of the La 
Meseta Formation, being different especially in their size; 2. the smallest form (or one of 
them) can be assigned to the subfamily Dorudontinae and the genus Zygorhiza, which has 



















Cozzuol only assigned the scapula fragment and the cervical to the subfamily Basilosaurinae 
due to their large size.. Because more detailed descriptions and figures are wanting for this 
material, its assignment to the Basilosaurinae cannot be validated. It remains entirely possible 
that Cozzuol's basilosaurine material belongs to a group of large whales represented by other 
large skeletal fragments from Seymour Island and New Zealand, or possibly to the genus 
Llanocetus. The teeth and skull fragments were more convincingly assigned by Cozzuol to 
Zygorhiza, but, as with his other material, a more detailed description and figures are needed to 
confirm their identity. 
Woodburne and Zinsmeister ( 1984: 932) also mentioned whale vertebrae "During the 1981-
1982 season, additional whale remains tentatively referable to Basiliosaurus [sic] were found at 
a number of horizons throughout the La Meseta Formation." Dimensions for these vertebrae 
were not given. 
A very problematic find from Seymour Island, which highlights the still present uncertainty 
about the age of its Tertiary strata, is a large rib fragment mentioned by Fordyce (1989b: 272) 
from the Paleocene Cross Valley Formation (Stilwell and Zinsmeister, 1992: 4). Sadler (1988: 
308-309) however, raised doubts about the identity of the highest part of the Cross Valley 
Formation which, according to him (p. 309) could also be included into the La Meseta 
Formation. This rib-fragment (if it was found in situ, which cannot be verified), can be seen 
(Fordyce, 1989b) as another indicator for the inclusion of the topmost part of the Cross Valley 
Formation into the lower La Meseta Formation. This fragment of a very dense, pachyostotic 
rib was tentatively included by Fordyce (1989b) in the Basilosaurinae, which are known for 
their pachyostotic ribs (Felts and Spurrell, 1956; Buffrenil et al., 1990) (Dorudontinae are 
smaller with slightly more porous ribs). An identification as L. denticrenatus appears to be 
unlikely because L. denticrenatus is known from ribs which have a porous cortex and a dense 
medulla (R. E. Fordyce, personal communication, February 1996). 
The La Meseta Formation of Seymour Island as a whole is often cited to be late Eocene and 
early Oligocene in age (e.g. Elliot and Trautman, 1982; Zinsmeister and Camacho, 1982; 
Woodburne and Zinsmeister, 1984; Fordyce, 1989b; Mitchell, 1989; Stilwell and Zinsmeister, 
1992). Its mostly endemic fossils cannot be directly linked to fossils from other southern 
localities such as South America or New Zealand. However, the occurrence of probable 
Zygorhiza fragments (Cozzuol, 1988) and fragments of fossil dermochelyids (Anonymous, 
1995, Fuente et al., 1995), which are also known from the Bortonian of New Zealand, could 
















CHAPTER 5: LOST AND/ OR UNIDENTIFIED 
EOCENE SPECIMENS 
To complete the record of Eocene turtles and whales in New Zealand I compiled the following 
list which gives all available information on published but unaccessible material. 
Lost specimens 
"bones and vertebrae of a seal" (Park, 1910: 128) 
Material: Bones and vertebrae. 
Location: The material was found in the Burnside quarry near Dunedin. Grid reference J44 
(1987 edition 2): 115759. 
Horizon: Burnside Mudstone (sensu Benson in Fleming, 1959: 59). 
Age: Bortonian to Runangan (Fordyce, 1991 ). These New Zealand Stages correlate after 
Harland et al. (1990) with the European Stages of middle Lutetian to Priabonian. 
Found: before 1910 by J. Park. 
Descriptions: none available. 
Comment: According to Fordyce ( e.g. 1980b; 1985b; 1991) the identification of Eocene 
vertebrate fossils as seal bones points towards archaeocete material, because the fossil record o 
seals starts (at the earliest) in late Oligocene times. The only mammals living in New Zealand 
Eocene waters were archaeocetes. Park (1910: 128); Service (1934: 269); Paterson (1941: 41) 
Benson in Fleming (1959: 59), Fleming (1968: 10-11) also mention this material, but no 
description is available, and the whereabouts of the fossil material are unknown. 
"a reptilian bone" (Marshall, 1917: 439) 
Material: A supposed reptilian bone. 
Location: The bone material was found in situ on a shore platform on Pahi Peninsula, 
Northland (Kaipara Harbour). The shore platform lies close to 174° 13' 8" E and 36° 9' 8" :i\ 
(base: topographical map I :63360, sheet N28, 1965, edition 2). Marshall ( 1917: 439) did not 
state exactly from which locality on Pahi Peninsula the material derived, Arapaoa Arm, 
Coates's Landing and Pahi Arm opposite Pahi Township are equally possible. 
Horizon: Pahi Greensand (Opahi Group) of Northland, described by Marshall (I 917: 439) as a 
coarse glauconitic sand. 
Age: Kaiatan to Runangan (see comments on age at start of AU 6693 discussion). These New 
Zealand Stages correlate after Harland et al. (1990) with the European Stages of middle 
Bartonian to Priabonian. 
Found: before 1917 by J. A. Bartrum. 
Descriptions: none available. 
Comment: There is one clearly identified fossil turtle reported from this locality (AU 6693), 
which indicates that the bones discovered by Bartrum could have been turtle bones, too. 
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Marshall (1917: 439) and Fordyce (1980a) mention this material, but no description is 
available, and the whereabouts of the fossil material are unknown. Enquires at the Geology 
Department at the University of Auckland (correspondence with Isabel Sutherland, appendix 
G) and the Auckland Institute and Museum (correspondence with Brian Gill, appendix H) 
confirmed that the material is lost. 
Unidentified specimens 
OU 22266 (FRN I44/f308) 
Material:? 
Location: The bone material formed part of a concretion which was found in situ in a ditch at 
Semple Road, just west of Double Hill, between Dunedin and Blueskin Bay, Otago. Grid 
reference I44 (1987, edition 2): 173920. 
Horizon: According to a geological map of this area (Benson, 1968) the calcareous concretion, 
which is rich in fine grained glauconite, derived from the Abbotsford Mudstone (sensu Grange, 
1921). 
Age: Mangaorapan to Heretaungan (Mutch in Suggate et al., 1978: 517). These New Zealand 
Stages were correlated by Harland et al. (1990) with middle Ypresian to earliest Lutetian, and 
by Edwards et al. (1988) with late Ypresi~n to early Lutetian. 
I 
Found: 13 May 1993 by Seaborne Rust. ' 
Descriptions: A 3 to 5 mm thick, and 100 to 280 mm wide, severely broken, flat bone and 
numerous smaller, likewise flat bone fragments. The bone material shows a smooth smface 
without any sculpturing where the original surface is still preserved. In places where the 
surface is damaged the bone appears dense with only a few, small vascular openings. 
Discussion: The only 'flat' skeletal element in cetaceans with which this find could probably be 
identified is a fragment of a scapula. Because late Ypresian and early Lutetian archaeocetes are 
only known from relatively small animals from the Tethys region, an identification as a 
fragmentary scapula of an archaeocete appears very unlikely. Apart from its large size, OU 
22266 is also by far too thin and too smooth to be identified as a scapula fragment. An 
identification as a carapace or plastron element is likewise not possible because no sutures 
(which exist between costalia and between plastron elements), or sulci caused by horny plates, 
can be found. 
OU 22220 (FRN J40/f206A) 
Material:? 
Location: Found below a prominent outcrop of Waihao Greensand approximately 1.5 km 
downstream from Waihao Forks in the Waihao River valley, South Canterbury. Grid reference 
J40 ( 1984): 477999. OU 22220 was found as float in a gravel bank. 
















Age: Bortonian (middle Lutetian to early Bartonian). The matrix of OU 22220 is very similar 
to the upper part of the Waihao Greensand as exposed in the closeby outcrop (see chapter on 
Waihao Greensand). 
Found: 12 August 1993 by A. Grebneff. 
Descriptions: A 37 to 49 mm wide and 19 mm thick, wedge shaped, very porous bone 
fragment with large, millimeter sized pores. 
Discussion: The small size of this fragment does not allow an identification. Highly 
vascularized bone can occur in all vertebrates. 
OU 22213 (FRN J40/f206) 
Material:? 
Location: Found below a prominent outcrop of Waihao Greensand approximately 1.5 km 
downstream from Waihao Forks in the Waihao River valley, South Canterbury. Grid reference 
J40 (1984): 477999. OU 22213 was found as float in a gravel bank. 
Horizon: Upper part of the Waihao Greensand. 
Age: Bortonian (middle Lutetian to early Bartonian). The matrix of OU 22213 is very similar 
to the upper part of the Waihao Greensand as exposed in the closeby outcrop (see chapter on 
Waihao Greensand). 
Found: 20 January 1993 by A. Grebneff. 
Descriptions: Five, 2 to 5 mm thick and 30 to 40 mm wide, flat fragments, with smooth 
surfaces. The pieces have a core with large pores and very dense outer layers on both sides. 
Discussion: This material with its dense outer layer on both sides looks very similar to OU 
22266. It cannot be identified with skeletal elements known from turtles or whales . 
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CHAPTER 6: SUMMARY 
[he Waihao Greensand in the upper Waihao River Basin yielded most of the fossil material 
iescribed and discussed in this thesis. The upper Waihao River Basin has been studied in 
:letail over the past two years to clarify the age of these specimens, and to establish its 
:lepositional history. An additional member for the lower part of the Waihao Greensand, the 
'..,ower Greensand Member, is defined, and a composite section for the Waihao Greensand is 
siven. The Waihao Greensand now contains three Members, the Tahu Member, the Otaio 
'..,imonitic Member and the Lower Greensand Member. Two widespread index horizons in the 
'..,ower Greensand Member, the phosphatic horizon at the top of this unit, and the turtle horizon 
n its upper middle part, can be used to link most outcrops in the study area. Archaeocete 
"ossils from the Waihao River area are probably derived from the phosphatic horizon, whereas 
:urtle fossils appear to be restricted to the turtle horizon. 
A.n unconformity at the base of the W aihao Greens and is marked in the south branch of the 
Waihao River by the occurrence of an informally named 'green conglomerate' above Taratu 
Formation. This 'green conglomerate', which consists of quartz-pebbles in a glauconite sand 
matrix, is not represented in the north branch, where the lowermost part of the Waihao 
Greensand consists of glauconite rich siltstones following disconformably above Kauru 
Formation. 
The Waihao Greensand spans the Bortonian Stage and the lower part of the Kaiatan Stage. 
Following Harland et al. ( 1990), the Bortonian Stage is correlated with a time interval from 45 
to 41 million years, and the Kaiatan part of the Waihao Greensand with a time interval from 41 
to 40 million years. However, these absolute ages are only approximate, due to the restricted 
occurrence of index fossils and their uncertain age constraints. The Lutetian-Bartonian 
boundary is arbitrarily placed between the turtle horizon and the phosphatic horizon. 
The lithology of the Waihao Greensand shows fast lateral changes in a glauconitic middle to 
outer shelf facies. Changes in the sedimentation rate (probably linked to changes in sea-level) 
are responsible for the alternating glauconite content and wide spread phosphatic-concretionary 
horizons. 
The turtle fossils from the New Zealand Eocene represent two families of marine turtles, the 
Cheloniidae and the Dermochelyidae. Only turtles which possess the autapomorphic character 
of a secondary carapace are recognised as dermochelyids in this thesis. Dermochelyid fossils 
' are restricted to Wa:1hao Greensand outcrops in the Waihao River valley, and to the middle 

















humerus). Cheloniid fossils are known from Kaiatan specimens from the West Coast 
(Woodpecker Bay) and from a late Bortonian to Runangan specimen from Northland (Pahi 
Peninsula). The non-dermochelyid turtle fossils can only be identified by default as family 
Cheloniidae, due to the restricted amount of skeletal elements. The dermochelyid turtle material 
represents a new species (Psephophorus terrypratchetti Kohler, 1995b) of the middle Eocene to 
early Pleistocene genus Psephophorus. Comparisons with all dermochelyid species 
( Cosmochelys dolloi, Psephophorus eocaenus, Psephophorus rupeliensis, Psephophorus 
calvertensis, Psephophorus (?) oregonensis, Psephophorus polygonus, and Dermochelys 
coriacea), and with unpublished material from overseas collections, helped in understanding the 
significance and the distinctive characteristics of the New Zealand material. As part of this 
work, the species Psephophorus scaldii and Psephophorus pseudostracion are recognised as 
junior synonyms of Psephophorus polygonus. The material of the Oligocene species 
Psephophorus rupeliensis, curated in the Natural History Museum in Brussels, Belgium, are 
regarded as representing two different species (P. rupeliensis, sensu Dollo and P. 'rupeliensis', 
sensu Beneden). 
The new species Psephophorus terrypratchetti forms, together with late Lutetian to Bartonian 
fragments from Bracklesham in England, one of the oldest records for the genus 
Psephophorus. The remains of Psephophorus terrypratchetti show less reduced elements of 
the primary carapace than younger dermochelyid species and thus occupy a more basal location 
in the evolution of dermochelyids. 
A cladistic analysis of ten taxa (eight ingroup taxa, two outgroup taxa) with ten characters, 
helps understand dermochelyid history. A Tertiary origin is likely for dermochelyids, with the 
early Eocene cheloniid Eosphargis in an ancestral position. The species Psephophorus 
terrypratchetti and Psephophorus rupeliensis form side branches from the main dennochelyid 
stem. The cladistic work further supports a trend within the dermochelyids to reduce their 
primary armour elements through time. 
A comparison of described thin-sections through elements of the secondary armour (platelets) 
of Psephophorus with thin-sections of the New Zealand specimens shows that thin-sections 
cannot be used to distinguish between species. Variations in the platelet histology of one 
specimen of Psephophorus terrypratchetti include all differences found in other species. Thin-
sections also confirm that the infamous Priabonian North American 'Hydrarchos' armour 
derived from a dermochelyid turtle and not from an archaeocete. 
A comparison of the fossil record of turtles between New Zealand and Australia shows that 
their turtle faunas are markedly different; only the late Cretaceous family Desmatochelyidae is 
reported from both countries, and there are no Tertiary marine turtles reported from Australia. 
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Archaeocetes are cetaceans which are restricted to the Eocene, and which are defined by the 
plesiomorphic characters of a primitive heterodont tooth-formula, untelescoped and 
symmetrical skulls, an external narial opening at the midpoint of the skull or further forward, 
an elongated and narrow snout, and large temporal fossae. 
New Zealand archaeocetes are represented by specimens from the Waihao Greensand from two 
localities (Waihao River, Opuha River; both in South Canterbury), and by an isolated find from 
a bentonitic mudstone of the Mangatu Formation near Gisborne in the North Island. The late 
Bortonian Waihao River fossils, which were all found in a small area near a prominent outcrop 
of Waihao Greensand (Mehrten's Cliff outcrop), consist of a posterior part of a skull, teeth and 
teeth fragments, and elements of the axial skeleton (vertebrae and ribs). The Bortonian Opuha 
River material is represented by very large caudal vertebrae of a juvenile animal. The probable 
Kaiatan to Runangan remains from the North Island consist of fragmentary teeth and vertebral 
centra. 
The taxonomic position of these archaeocetes was evaluated using tooth morphology, relative 
size, and the shape of the vertebral bodies. These characters, which have been used for 
taxonomic purposes by many past authors, show that the New Zealand archaeocete material, 
apart from the very large caudal vertebrae from the Opuha River, appears to be related to the 
Priabonian North American dorudontine genus Zygorhiza. The Opuha River vertebrae could 
not be identified with any described archaeocete family, due to th6ir large size and the absence 
of antero-posteriorly elongated vertebral bodies (the only described large archaeocetes -the 
Basilosaurinae- possess antero-posteriorly elongated vertebral bodies). Some cetacean fossils 
from the late Eocene (to ?early Oligocene) La Meseta Formation of Seymour Island, Antarctica 
also represent large, but not antero-posteriorly elongated vertebrae. These vertebrae could 
derive from the large early mysticete Llanocetus clenticrenatus, which was found in the La 
Meseta Formation, or from an as yet undescribed genus of a large archaeocete with normally 
proportioned vertebrae. Only further, more complete specimens of Llanocetus may enable to 
evaluate relationships between larger cetacean fragments from Seymour Island and New 
Zealand. The La Meseta Formation of Seymour Island is the only other southern locality, apart 
from New Zealand, which is known to yield Psephophorus and archaeocete (Dorudontinae) 
fossils. 
The known worldwide occurrences of archaeocetes suggests that they were already well 
established globally in the middle Eocene (Lutetian and early Bartonian archaeocetes are 

















The archaeocete and dermochelyid specimens from New Zealand and Seymour Island indicate a 
possible presence of these animals in Australian, South American and southern African Eocene 
deposits. I predict that future prospecting work in these regions will lead to the discovery of 
both, archaeocete and dermochelyid (i.e. Psephophorus) remains which will further the 
understanding of the evolution and life of these two groups. 
Additionally the common occurrence of dermochelyid and archaeocete fossils in Eocene 
formations needs further research. Do these two groups really occur in the same horizon (as 
indicated by the 'Hydrarchos' skeleton from Alabama), or do they derive from different units 
within one formation (as indicated by the New Zealand material)? 
Did archaeocetes and dermochelyids eat the same food, or did archaeocetes prey on 
dermochelyids ( extant leatherback turtles have been reported in stomach contents of killer 
whales by Caldwell and Caldwell, 1969)? Or is a possible similar taphonomical behavior 
(prolonged floating due to a tough skin) responsible for their common occurrence? 
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PLATE 1 Thinsections of P. terrypratchetti. 
Figure A: Vertical thin-section through OU 22258-1 (ca. x 0.13). Primary bone indicated 
with 'p'; the small frame shows where Figure B was taken. The external side of the 
platelet is to the left. 
Figure B: Vertical thin-section through external bone layer of OU 22258-1 (ca. x 0.01), 
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PLATE 2 Thinsections of P. terrypratchetti. 
Figure A: Vertical thin-section through OU 22258-1 ( ca. x 0.006). A Haversian system is 
marked with a white circle. 
Figure B: Vertical thin-section through OU 22176-2 (ca. x 0.02), showing a burrowed 













PLATE 3 Thinsections of P. terrypratchetti. 
Figure A: Vertical thin-section through OU 22176-4 (ca. x 0.008), showing nicely 
developed Haversian systems. 
Figure B: Vertical thin-section through OU 22176-5 (ca. x 0.13). The white bar marks a 
layer of primary bone with primary canals parallel to the surface. The external side of the 
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PLATE 4 Thinsections of P. terrypratchetti. 
Figure A: Vertical thin-section through OU 22219-0 ( ca. x 0.13 ), showing a suture 
between two platelets. The external side of the platelet is to the left. 
Figure B: Vertical thin-section through OU 22219-1 ( ca. x 0.10), showing the change 
from the dense, primary bone to porous Haversian bone. The frame indicates the position 
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PLATE 5 Thinsections of P. terrypratchetti. 
Figure A: Vertical thin-section through OU 22219-1 ( ca. x 0.009), showing the secondary 
character of the dark brown layers in the primary bone. The external side of the platelet is 
to the left. 
Figure B: Vertical thin-section through OU 22219-3 (ca. x 0.02), showing non-lamellar 
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PLATE 6 Thinsections of P. terrypratchetti. (holotype) 
Figure A: Vertical thin-section through OU 22177-A ( ca. x 0.1 ), showing a zig-zagged 
suture and relatively large primary canals. The white frame shows the location of Figure 
B. The external side of the platelet is to the left. 
Figure B: Vertical thin-section through OU 22177-A (ca. x 0.01), showing dense primary 
bone with Mycelites ossifragus burrows on the external side (enlargement of Figure A). 
The external side of the platelet is up. 
-4 
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PLATE 7 Zygorhiza sp. (OU 22222 and OU 22221) 
Figure A: Posterior view of fourth cervical (OU 22222-3, stereo pair), 
the scale bar is 5 cm long. 
Figure B: Anterior view of fourth cervical (OU 22222-3, stereo pair), 
the scale bar is 5 cm long. 
Figure C: Anterior view of anterior thoracic vertebra (OU 22222-2), 
the scale bar is 5 cm long. 
Figure D: Anterior view of eighth thoracic vertebra (OU 22222-4), 
the scale bar is 5 cm long. 
Figure E: Lateral view of a middle thoracic vertebra (OU 22221-6), 
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PLATE 8 Zygorhiza sp. (OU 22100 and OU 22222) . 
Figure A: Pterygoid sinus fossa of OU 22100 (stereo pair), the scale bar is 5 cm long. 
Figure B: Ear region in detail (right side) of OU 22100 (stereo pair), 
the scale bar is 5 cm long. 
Figure C: Buccal view of third right upper premolar (OU 22222-1, stereo pair), 
the scale bar is 1 cm long. 
Figure D: Lingual view of third right upper premolar (OU 22222-1, stereo pair), 
the scale bar is 1 cm long. 
Figure E: Apical view of third right upper premolar (OU 22222-1, stereo pair), 




















PLATE 9 Ventral view of left half of Zygorhiza sp. (OU 22100). The anterior end is up (x 1) 
[photo taken by D. Weston]. 
(I) left condyle, (2) hypoglossal foramen (covered by lateral process of exoccipital), 
(3) lateral process of exoccipital, (4) jugular notch, (5) exoccipital, (6) paroccipital process 
of exoccipital, (7) ?concavity for reception of stylohyal, (8) posterior process of tympanic 
bulla, (9) bulla, (10) stapedial muscle fossa, (11) external auditory meatus, (12) pars 
cochlearis of periotic, ( 13) suture between squamosal and posterior process of bulla, 
( 14) posterior part of postglenoid process, ( 15) groove indicating vestigial postglenoid 
foramen, (16) zygomatic process (broken), (17) base of postglenoid process, (18) anterior 
process of periotic, ( 19) falciform process of squamosal (broken), (20) groove for 
mandibular branch of trigeminal nerve (pseudo-foramen ovale), (21) pterygoid process of 
squamosal, (22) squamosal, (23) subtemporal crest, (24) alisphenoid, (25) pterygoid, 
(26) basisphenoid, (27) eroded roof of pterygoid sinus fossa, (28) posterior lacerate 
foramen, (29) basioccipital, (30) basioccipital arcade, (31) basioccipital crest, (32) shallow 
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PLATE IO Ventral view of right ear region of Zygorhiza sp. (OU 22100). The anterior end is 
up (x 0.44) [photo taken by D. Weston]. 
(I) depression for head of malleus, (2) foramen for middle meningeal artery, (3) sulcus for 
lesser petrosal nerve, (4) groove for tensor tympani muscle which inserts on malleus, 
(5) anterior ventral angle of periotic, (6) anterior bullar facet, (7) falciform process of 
squamosal (broken), (8) fenestra rotunda, (9) stapedial muscle fossa, ( I 0) stapes in 
fenestra ovalis, (11) pars cochlearis of periotic, (12) facial canal for nerve number'7, 
(13) presumed groove for internal carotid artery, (14) posterior process of bulla, 
(15) groove indicating vestigial postglenoid foramen, (16) external auditory meatus, 
( 17) suture between squamosal and posterior process of bulla, ( 18) squamosal, ( 19) groove 
for lodging crus breve of incus (fossa incudis), (20) fovea epitubaria which lodges 
processus tubarius of tympanic bulla, (21) shallow groove for facial nerve number 7, 




















PLATE 11 Zygorhiza sp. (OU 22100) [photos taken by D. Weston]. 
Figure A: Dorsal view of OU 22100 (stereo pair), the scale bar is 5 cm long. 
Figure B: Lateral view of OU 22100 (stereo pair), the scale bar is 5 cm long. 
Figure C: Posterior view of OU 22100 (stereo pair), the scale bar is 5 cm long. 










































Dr R.E. Fordyce 
Department of Geology 
University of Otago 
PO Box 56 
DUNEDIN 
Dear Ewan 
CHANGE OF TELEPHONE/FAX NUMBERS 
TEL: (04) 5699-059 
FAX: (04) 5695-016 
CHANGES EFFECTIVE FROM 25/10/91 
6 November 1991 
NORTH ISLAND EARLY ODONTOCETE - X17/f120 
I am tired of waiting for a satisfactory reply from the owner of these remains (Alan Hughes). 
I will send them on to you for preparation of a note recording what is undoubtedly the oldest 
North Island cetacean, comparable with the earliest South Island record. 




Copy of fossil record form for locality 
Correspondence with A. Huges (collector) 
Copy of my note re fragment of Carcharodon auriculatus tooth 
in collection and possible age this suggested for collection when 
the first of the cetacean teeth were shown to me. 
Note be Colin Mazengarb on stratigraphy of locality (which he 
wanted as his contribution as a "joint author"!). 
/;; 
It is best to let you have the collection__and record (photograph/cast etc.) some of the teeth, 
even if you are forced to return some of the specimens to the collector. Possibly he would 
except casts or a photograph of all the specimens spread out together. Anyway I will let you 
ponder this. Perhaps a letter from you may carry more weight than from me . 




__ ,..,..,,.,.,,· . 
P.S. "The Oamaru Diatomite" NZGS Paleont. Bull. 64. has just appeared. 
Lower Hutt 
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Paleogene Whale Remains (X17/f120) 
Fordyce & Mazengarb 
Location 
The fossil remains were found on a hill-side overlooking the 
Mangatu River, 42 km NW of Gisborne at Xl 7 /283063 by Mr Alan 
Hughes of Gisborne. They were passed on to DSIR via Dr Mike 
Marden (Forest Research Institute) also of Gisborne. Bone and 
teeth material were found encased in weathered red ·bentonitic 
mu'dstone, ~:a·~;lJthology belonging to .the' Mangatu Group th;t occurs 
extensively throughout the East Coast region. The qutcrop is 
situated on a slumping hillside, while the lithology is somewhat 
weathered. Macrofossils are extremely rare in Mangatu Group which 
makes this discovery notable in itself, while this is the first 
record of cetacean remains. 
Age 
The age of the Mangatu Group ranges from Paleocene through to 
Early Miocene, however the stratigraphy of the group in this area 
is poorly understood because of often intense structural 
disturbance and the unstable nature of the lithology on 
hillsides. 
The red bentonitic mudstone matrix has not been dated at the 
cetacean locality, but foraminifera from a similar lithology 
c.5km north (Y16/f648) indicates a Runangan-Kaiatan age w1th a 
Runangan age favoured (H.E. Morgans pers comm). Bentonitic 
mudstones in this district occur however over a much greater time 
~nterval, throughout the Dannevirke to Arnold series (H. E.G. 
Morgans pers comm 1991), consequently, the age of the cetacean 
remains cannot be constrained any tighter than this on 
foraminiferal evidence alone . 
Refererices 
\_ 
. ~ --...... -..,. ,, 
Mazengarb).., C; Francis, D.JC; __ Moore, 'F .. R. in-press: Sheet;. Yl6"-.,, 
T·q.uwhareparae. ··Geolooical Mao of ··.,·New Zealand 1: so';e-00. · 
















Mr Allan Hughes 
335 Onnond Road 
GISBORNE 
Dear Mr Hughes 
12 April 1991 
I thought I should write to you to let you know about progress on the fragmentary fossil teeth 
and bones that you collected in September last year, from a ridge leading down to Mangatu 
River. You sent the specimens to Colin Mazengarb, and he passed them across to me for 
comment. 
They represent the remains of an extinct, toothed cetacean (archaeocete "whale") and on the 
basis of the age of the rocks they were collected from (Eocene Period) they are the oldest 
cetacean fossil remains so far known from the North Island. They are of similar age to early 
archaeocete cetacean remains known from the South Island. 
Although I am familiar with fossil cetacean dentition, the expert in New Zealand (and on the 
world scene) on southern hemisphere cetacean fossils, is Dr. Ewan Fordyce of the University 
of Otago. I have kept your specimens beside me awaiting the occasion of one of his visits 
when he could see the material and we could discuss it (Dr Fordyce paid a visit here several 
days ago). 
The remains are of considerable interest to Dr Fordyce on the bases that it is an early record 
from New Zealand. He feels that with work on the specimen (in spite of it being very 
fragmentary) could probably be able to identify it to a genus and species, and may like to 
publish the results as a record. Certainly if he were to publish any information on the 
collection, full credit would be given to yourself as collector! 
I am wondering therefore, if you would be prepared to donate the collection to us, to be held 
permanently in our national collections. We would be very pleased to add your material to 
our collections, and if Dr Fordyce were to describe the specimen it would really need to be 
held permanently in a national scientific institution where it would always be made available 
for other scientific workers to examine in future years. [This is one of the requirements now 
for formally described scientific material - to ensure that it is permanently curated in a 
national scientific repository]. 
Lower Hutt 
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Mr Alan Hughes 
335 Ormond Road 
GISBORNE 
Dear Mr Hughes 
11 July 1991 
Thank you for your reply to my earlier letter (of 12th April) regarding the fossil cetacean 
remains you had collected from locality X17/f120, which are here with us. 
I can return the collection to you as that appears to be your \\rish, seeing you would obviously 
like to retain a tooth in your collection. 
As I pointed out in my previous letter Dr Ewan Fordyce of Otago University is interested in 
examining the remains with a view to recording this cetacean as an early record from the 
North Island. To be able to examine all the remains it would be necessary for him to see the 
material before I send it back to you for you to decide what you wished to keep of it 
I would therefore like to suggest to you that I send all the specimens on loan to Dr Fordyce 
who could first examine the material and draw or photograph the teeth for his record. 
Having seen all the material and made his notes he could make casts of the largest and most 
complete of the teeth for his record and send you back the originals for your collection. 
Let me know if this meets with your approval. The additional vertebrae you have found 


















Mr Richard Kohler 







17 February 1993 
,.. University of Otago 








It is good to make your acquaintance, and I am pleased to learn that you are going to work 
on the cetacean fragmenta:rj remains from locality Xl 7 /fl 20. 
These remains are significant, because they represent the oldest cetacean fossil 
(?archaeocete/odontocete) known from the North Island and also one of the oldest from New 
Zealand. 
One problem that exists is that of ownership of the specimen. When I sent the specimeR to 
Ewan Fordyce, I enclosed copies of all the correspondence that I have had with the collector 
(Allan Hughes). At one stage he wanted the specimen back so he could keep some of the 
better teeth, but I hope I persuaded him that the collection should ideally be kept together and 
it has to have a permanent institutional repository if it is going to be worked on and 
published. 
I would suggest that you could write to the collector/owner and say that you are about to 
work on the material. Also you should say that you hope that he will allow the collection to 
be permanently housed at Otago University but you will try to make casts of the better teeth 
which you will give him as a record of his find. If the results are published then he will be 
given full credit for the find and its donation to Otago University. Any resulting publication 
will also be a good record of his find which he would be able to show people. 
You asked in your letter about information on the age of the collection. When I sent the 
specimens down to Ewan I sent copies of the fossil record form, my correspondence with the 
collector, and a report on the site and its age by Colin Mazengarb, plus a copy of my original 
note on the suggested age based on the presence of a small fragment of a shark tooth. These 
should all be with the specimens. If not let me know, and I will send you copies of 
everything. I am however enclosing another copy of the report on the age of the site which 
State Insurance Building, Andre,;,·s A:·e~ue, PO Box J:368, Lo,;;er Hutt, Xe::; Zealand, Telephrme: ~64-4-569 9:;J, ! . .csimile: +64-4-569 5016 
2 
suggests that it is likely to be "Runangan-Kaiatan age with a Runangan age favoured" (RE. 
Morgans pers comm.)". 










All grid references refer to New Zealand topographical map 1: 50.000, NZMS 26Q sheet 140 
Waimate (1984, edition 1). 
Outcrop 1 (Mehrten's Cliff) starts with a concretionary, phosphatic horizon forming rapids in 
the Waihao River, about 800 m downstream from Waihao Forks. Figure 11 shows this 
concretionary horizon and the fossil remains of a dermochelyid turtle (OU 22219) before its 
recovery. This outcrop was linked with a prominent cliff (Fig. 4) further downstream from 
the rapids, where the vertebrate fossils OU 22100, OU 22221,0U 22222, OU 22242, and 
OU 22258 were found. Grid reference 475000-477999. 
Outcrop 2 covers a section between Mt. Harris Road and the Waihao River, about 100 m 
downstream from the junction of the north and south branches of the river. Grid reference 
470999. 
Outcrop 3 is to the north side of state highway 82 coming from Waihao Forks, about 200 m 
past the bridge over the north branch, near an old, disused part of the road. Grid reference 
473003. 
Outcrop 4 is a road-cut of state highway 82 and an adjacent cliff between Waihao Forks and 
where state highway 82 crosses over the south branch of the Waihao River. Grid reference 
467001. 
Outcrop 5 is on the right bank of the south branch of the Waihao River, about 200 m 
downstream from where state highway 82 crosses the south branch. Grid reference 
467999. 
Outcrop 6 is the high cliff on the first meander upstream from the bridge where state highway 
82 crosses the south branch of the Waihao River. Grid reference 465005. 
Outcrop 7 covers a stretch of about 200 m along the south branch of the Waihao River and an 
adjacent north-west facing cliff at the beginning of the second major bend upstream from 
where state highway 82 bridges the south branch. Grid reference 461000-461001. 
Outcrop 8 is on the right bank of the south branch of the Waihao River, about 250 m north-
west of a telephone exchange station near the Waihao Downs school. Grid reference 
458000. 
Outcrop 9 is at the downstream end of a cliff on the left bank of the Waihao River where the 
third major bend, upstream from where state highway 82 crosses over the south branch of 
the Waihao River, tapers out. Grid reference 459006. 
Outcrop IO ('Waterfall Section') covers a stretch of about 100 m along the upstream part of the 
third major bend upstream from where state highway 82 crosses the south branch of the 
Waihao River, and a section through a small tributary gully which meets the river just before 






Outcrop 11 covers the about 60 m long and 15 m high right bank at the downstream end of the 
fourth major bend upstream from where state highway 82 crosses the south branch of the 
Waihao River. Grid reference 455001. 
Outcrop 12 is on the east-facing slope of a small promontory north of the fourth major bend 
upstream from where state highway 82 crosses the south branch of the Waihao River. Grid 
reference 454003. 
Outcrop 13 is in a small, north-west running gully which enters an old river meander (now 
paddock) about 200 m north-east from a pump-shed at the downstream end of the fifth major 
bend upstream from where state highway 82 crosses the south branch of the Waihao River. 
Grid reference 452006. 
Outcrop 14 ('Waihao Downs outcrop') is the cliff in the fifth major bend upstream from where 
state highway 82 crosses the south branch of the Waihao River. The fossil vertebrates OU 
22177 and OU 22176 derive from this locality. Grid reference 448006. 
Outcrop 15 is a section at a small, west-facing slope along an old river-cut terrace about 150 m 
north of outcrop 14. Grid reference 447007. 
Outcrop 16 covers the whole extent of the north-west facing cliff at the sixth major bend 
upstream from where state highway 82 crosses the south branch of the Waihao River, 
including an old railway-cut at its upstream end. A fossil turtle fragment (OU 22215) was 
found at this location. Grid reference 447002-446001. 
Outcrop 17 is combined from an outcrop in the Waihao River-bed, where the small bank on the 
left side of the river is about to taper out, and an outcrop formed by the high, north-east 
facing cliff at the sixth major bend upstream from where state highway 82 crosses the south 
branch of the Waihao River. Grid reference 444003-444002. 
Outcrop 18 covers a section starting in the river-bed about 100 m upstream from the base of 
outcrop 17, and includes an about 45 m high, south-west facing cliff on the left side of the 
river. Grid reference 443005. 
Outcrop 19 is in the river-bed at the upstream end of the seventh major bend upstream from 
where state highway 82 crosses the south branch of the Waihao River. Grid reference 
441009. 
Outcrop 20 is the bank on the right side of the Waihao River below a wide slump, about 300 m 
upstream from the seventh major bend upstream from where state highway 82 crosses the 
south branch of the Waihao River. Grid reference 443011. 
Outcrop 21 is the bank and the cliff at the down-stream end of a wide slump on the right side of 
the Waihao River about 200 m upstream from the seventh major bend upstream from where 
state highway 82 crosses the south branch of the Waihao River. Grid reference 441011. 
Outcrop 22 is a 12 m high cliff along the lower end of a small tributary on the right side of the 
Waihao River at the upstream end of a wide slump, about 500 m upstream from the seventh 
major bend upstream from where state highway 82 crosses the south branch of the Waihao 
River. Grid reference 443012. 
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Outcrop 23 is the cliff at the left side of the third major bend downstream from where 
Waihaorunga Road crosses the south branch of the Waihao River. Grid reference 447014. 
Outcrop 24 is along the right side of the Waihao River (near a steep gully) at the downstream 
end of the second major bend downstream from where Waihaorunga Road crosses the south 
branch of the Waihao River. Grid reference 443019. 
Outcrop 25 covers a stretch along the left side of the river from about 20 m downstream from 
where Waihaorunga Road crosses the south branch of the Waihao River. The section of the 
adjacent steep cliff, which follows just downstream, is included into the same outcrop. Grid 
reference 449022-450021. 
Outcrop 26 is along the cliff on the right side of the river, 250 m upstream from where 
Waihaorunga Road crosses the south branch of the Waihao River. Grid reference 446022-
447022. 
Outcrop 27 is along a cliff on the left bank of the north branch of the Waihao River, starting 
about 50 to 100 m upstream from the camping area behind Waihao Forks Hotel. Grid 
reference 469008. 
Outcrop 28 is a section of a high, south-east facing cliff on the right side of the north branch of 
the Waihao River, about 750 m north of Ardross Homestead. Grid reference 468013. 
Outcrop 29 is about 60 m west to where a small north-west running road starts dropping down 
into the north branch of the Waihao River. The small road branches from state highway 82 
close to Glenlogan Homestead, near the intersection of major power cables and the road 
itself. Grid reference 471013. 
Outcrop 30 is the downstream end of a cliff on the right side of the north branch of the Waihao 
River, about 1 km north of Ardross Homestead. Grid reference 465015. 
Outcrop 31 is the upstream end of a cliff on the right side of the north branch of the Waihao 
River, where the river shows an almost 90 degree bend, about 500 m south-east of the 
intersection between Waihaorunga Road and Stony Creek Road. Grid reference 461019. 
Outcrop 32 is a steep bank on the left side of the north branch of the Waihao River, about 250 
rn upstream from outcrop 31. Grid reference 463021. 
Outcrop 33 is a north facing slope about 300 m south-west of an old, disused coal loading 








University of Otago 





Thank you for your letter. It is good to see that you are 
preparing a modern geological map of the lower Waihao valley. 
This is long overdue, and I have had thoughts along the lines 
of doing one myself for some time. Your work will save me 
the bother! 
I am sure you are right in relying on the "phosphatic bed" as 
a useful marker horizon. I have located it at several places 
in the Waihao basin, and I think it is regionally significant 
(it seems to be represented on Chatham Island, for instance). 
At McCullochs Bridge this bed (which may be related to a 
postulated drop in sea-level at 39.5 myr) is of course some 
distance below the Ab-Ak boundary. 
The sequence at Mehrten's farm is very similar to that at 
McCullochs Bridge and I have no problem recognising the same 
lithological units at both localities. For some reason ·the 
Tahu member (at the top of the Waihao Greensand) at Mehrten's 
is far less fossiliferous than at McCullochs Bridge, but 
otherwise the units are very similar. The bioturbated bed 
(i.e. the "phosphatic bed") at Mehr-ten's has yielded 
Ouplipecten parki (Marwick), which is apparently restricted 
to the upper part of the Bortonian and the Kaiatan elsewhere 
(including McCullochs Bridge). I have also seen Serrioecten 
from here, but I have not looked at the material critically 
to see if it includes either of the species recorded from the 
unit at McCullochs 81'""idge (i.e. S. tahuianus Lav.JS and S. 
marwicki Maxwell) . All that I can say at present is that the 
molluscan faunules are consistent with the suggested 
correlation of this unit between Mehrten's and McCullochs 
Bridge. Incidentally, I think the Waihao Greensand at Waihao 
Downs with the turtle remains is significantly older, as it 
contains Duolioecten waihaoensis (Suter) which seems to be 
ancestral to D. parki. 
The age of the base of the Waihao Greensand is as you say 
another problem. I think the cemented, bioturbated bed in 
the Waihao upstream from the main outcrop at Mehrten's is at 
the base of the unit, but I can't be sure. Contacts between 
the Waihao and Kauru are few and far between - one possible 
contact (with well-developed burrows) was exposed in the 
Waihao about 1 km upstream ft'"om Corrody, but this has 
disappeared as a result of the floods last year. Even worse, 
there seem to be v~ry few reliable dates available for the 
lower part of the Waihao or the Ka~ru. What is needed ia 






concerted effort to collect microfossil samples from critical 
parts of the sequence. From what I can gather, foram faunas 
from the lower part of the Waihao are poor and largely non 
age-diagnostic, so it may be necessary to try to collect 
palynological samples. I doubt that the contact will coincide 
with the Op-Ab boundary, if only because there seems to be a 
hiatus between the units. 
I hope this information and my opinions are of some use to 
you. It would probably be useful to discuss them in more 
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I received your letter which ans sent in 15 July 1994 
I'm pleased for your work and finding the very interesting humerus 
of a marine turtle which is similar to the Egyptian fossil humerus 





Sp ha.r gida. e 
Psphophorus 
Psphophotrus eocaenus, Andrews 
I made reconstructed classification as following:-
Order: Chalonia 
Sub-Order: Cryptodira 
Super family: Dermochelaidea 
Family: Dermochelyidae 
Genus: Psphophorus 
Paphopharus eocaenus, Andrews 
This is according to the modern classifcation of Romer 1971. 
I hope this claaaification is correct and if there is any cl&ssi-
fication more recent than thls please send it to tbe Geological 
P.O. Box Dawawin No. 11521 
Phan. : 3187056 / 3187057 
\ \o'I'\ ·Y . ...,.. / u-:!_,l_,JJ I ~.>-:' 





The Egyptian Geological Survey · 
and ~ining Authority 
'Egyptian (jeofogicaf 
Museum 
Atar El Nabi, Misr El Kadima 
t..la.JI ~.,-.11 ~I 
~.1&.1.11 .::.o~.J.,...UI.J ~.,J~I t:..~ 
d:.t!lwL .L.-1r ~r ~ . ~,,~ 
l..a.wl / .·.fl •t - ..,..... ..r.- ..,... 
Museum of Egypt. I'm sorry that there is no photograph for this 
specimen. For this resson I drawed it in the same scale as the 
original I will photo it and send n copy to you after the approval 
from our general director Dr. Mohammed A. El bediwy and others. 
I d~eply re~et to inform you that dr/ Baher el Khashab died 
from 6 months ago, Magdy z. Soleiman is being now curator of 
Vertebrate pal~ontology department. 
Sincarely Yours 
Geol. Yousry Attia 
Director of Pai.leontology Department 
P.O. Box Dawawin No. 11521 
Phan. : 3187056 / 3187057 
Nd~ 
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Appendix F 
Tel. (809) 927 2728 
Dr. Richard Kohler, 
Geology Department, 
University of Otago, 
P.O. Box 56, 
Dunedin, 
New Zealand 
Dear Dr. Kohler, 
Department of Geology, 
University of the West Indies, 
Mona, Kingston 7, 
Jamaica, W.I. 
14th September 1995 
I apologise for the lateness of this reply, as I have been away 
in the States all summer. 
N. tchiatcheffi has definitely been recorded from Senegal. I 
enclose a paper that contains references. Unfortunately we do not 
have access to these in Jamaica, so I cannot confirm the 
occurrence. 
Also I cannot tell you definitely what the total range of the 
species is. It appears that both upper and lower Lutetian beds 
are present in Senegal but my reference does not indicate from 
which level N. tchiatcheffi was collected. Perhaps you have 
access to a 1936 volume of Bull. Soc. geol. France. My guess is 
that, being a small species, it occurs in the early Lutetian, but 
it is only a guess. The species does not appear in modern 
species lists at all, so it is likely that it is now in synonymy 
with something else. A key reference to establish this fact is 
Schaub, 1981, Nummulites et Assilines de la Tethys paleogene; 
taxinomie, phylogenese et biostratigraphie. Abh. Schweiz 
Palaont. Ges., 104-106, p. 1-236. (3 volumes). But again I do not 
have access to these. 
Because I am unable to help you further I am taking the liberty 
of sending your query on to a nummulite specialist, Dr. Andrew 
Racey. His address is: 
Geochem Group Ltd., 
Chester Street, 
Saltney, 
Chester, CH4 8RD, 
United Kingdom 
I am asking him to communicate directly with you. 




Professor of Geology 





TO: Internet Address ( 
06-0ct-1995 08:llam BST 
Andrew Racey 
RACEY.A 
International E & P 
7900 2611 
11 adriendever@stonebow.otago.ac.nz" @PTVU22@ MRGATE@WPC) 
subject: whales 
attn: Richard Kohler 
Dear Richard, 
Ted Robinson recently forwarded to me an enquiry 
from yourself concerning the age of Nummulites tchiatcheffi.This 
species is poorly known and is not even mentioned in synonomy 
with any other species in any of the major monographs on the 
genus or related genera. 
From the associated nummulite assemblage with which it is found 
in Senegal it is clearly Middle Eocene with an Early to Middle 
Lutetian age being most likely. From the very limited descriptive 
data available it appears to be a more evolved version of a late 
Early Eocene species/group. A Early Lutetian age would therefore 
appear to be most likely. 
I need to see photos and if possible specimens to be absolutely 
sure. I have requested a copy of the original description and 
associated plates from the Natural History museum in London and 
will let you know if this reveals any additional information. 
Best Wishes 
Andy 







Auckland Institute and Museum 
Private Bag 92018 Auckland 1 New Zealand Telephone 0-9-309 0443 Fax 0-9-379 9956 
Mr R. Kohler 
Geology Department 
Otago University 
P.O. Box 56 
DUNEDIN 
Dear Richard, 
1 July 1994 
Re. reptile bone pre-1917 etc. 
I can say with confidence that this bone does not currently 
reside in the Auckland Museum Land Vertebrates collection and I 
know of no record that it ever did. I have checked with Bruce 
Hayward, and the specimen is not in the museum's Geology 
collection. In short - it isn't here. 
You have 12 Leathery Turtle bones borrowed from us for three 
months in September 1993. Please return them now, or confirm in 
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Sections oom:Jn1cd with the 1wo index horizons. lhe pbosplladc 
horizon ind 1he Mt.le hori%0tl. The alriwde in mdcn ~\'t 
1e1-level (NN) given in brackels f011be bale ol t:idt sec.Ion i.s 
OI~)' 0i))p('(Wmt1tc. Tbe allit\lde was cit:abU.stled UJll'lg rn1;p 
contourt and an nllimeter. An Cf'l'Cf oftr.p ro Sm should be 
allowed for. The number outside 1he brackets i.t Ille ooicrop 
number. Ci.rid rc(W!ntts 11Dd descriptioos for 1hele outCl'Op! iltt 
gj~ in the text. 
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Sections from the study area correlated with the help of 
two index horizons. Appendix! of R. Ktihler 1996 
Eocene turtles and whales from New Zealand (PhD thesis 
@ University of Otago, Dunedin, New Zealand. 
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